® 



, ^^tamt 

enrofflce 



Europalsches | 
European PatenTOfflce 
Office europ6en des brevets 




© Publication number: 



0 545195 A1 



EUROPEAN PATENT APPLICATION 



© Application number: 92119904.8 
© Date of filing: 23.11.92 



© int. CIA C07H 19/044, A61K 31/70 



© Priority: 29.11.91 JP 341916/91 
18.02.92 JP 69269/92 
01.09.92 JP 257306/92 

© Date of publication of application: 
09.06.93 Bulletin 93/23 

© Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IE IT LI LU MC 
NL PT SE 

© Applicant: BANYU PHARMACEUTICAL CO., 
LTD. 

2-3, Nlhonbashi Honcho 2-chome 
Chuo-ku, Tokyo(JP) 

© Inventor: Katsuhlsa, Kojirl, c/o Banyu 
Pharmaceutical 

Co., Ltd., Tsukuba Research Institute, 3, 
Okubo 

Tsukuba-shi, Ibaraki-ken(JP) 
Inventor: Hlsao, Kondo, c/o Banyu 
Pharmaceutical 

Co., Ltd., Tsukuba Research Institute, 3, 



Okubo 

Tsukuba-shi, ibaraki-ken(JP) 
Inventor: Hlroharu, Arakawa, c/o Banyu 
Pharmaceutical 

Co., Ltd., Tsukuba Research Institute, 3, 
Okubo 

Tsukuba-shi, Ibaraki-ken(JP) 
Inventor: Ohkubo, Mitsuru, c/o Banyu 
Pharmaceutical 

Co., Ltd., Tsukuba Research Institute, 3, 
Okubo 

Tsukuba-shi, Ibaraki-ken(JP) 
Inventor: Hiroyuki, Suda, c/o Banyu 
Pharmaceutical 

Co., Ltd., Tsukuba Research Institute, 3, 
Okubo 

Tsukuba-shi, Ibaraki-ken(JP) 



© Representative: Kraus, Walter, Dr. et al 
Patentanwalte Kraus, Weisert & Partner 
Thomas-Wimmer-Ring 15 
W-8000 MUnchen 22 (DE) 



© Indolppyrrolocarbazole derivatives. 

© A compound represented by the following general formula and a pharmaceutical^ acceptable salt thereof 
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wherein 



Ri and R 2 each independently represent a hydrogen atom, lower alkyl group, lower alkenyl group, lower 
alkynyl group, aryl group, aralkyl group or heterocyclic grou^ ,ower alkynyl 





EP0 54S 195 A1 

group, aryl group, aralkyl group aftterocyclic group may each have 1 to 5 subs^s selected from the 
group consisting of carboxyl groups, carbamoyl groups, sulfo groups, amino groups, cyano groups mono-lower 
alkylamino groups, di-lower alkylamino groups, hydroxyl groups and halogen atoms), or a group of the formula 
-Y-R3 and therein Y represents a carbonyl group, thiocarbonyl group or sulfonyl group, and R 3 represents a 
hydrogen atom, lower alkyl group, cycloalkyl group, cycloalkylalkyl group, aryl group, aralkyl group lower alkoxy 
group hydrazine group, amino group, arylamino group, carbamoyl group or heterocyclic group (the lower alkyl 
group' cycloalkyl group, cycloalkylalkyl group, aryl group, aralkyl group and heterocyclic group may each have 1 
to 4 substituents selected from the group consisting of halogen atoms, optionally protected hydroxyl groups, 
amino groups, carboxyl groups, carbamoyl groups, cyano groups, ally! groups and lower alkoxycarbonyl groups 
and the amino group and carbamoyl group may each be mono- or di-substituted by lower alkyl group(s) 
optionally substituted by substituent(s) selected from the group consisting of halogen atoms, hydroxyl groups, 
amino groups, carboxyl groups, carbamoyl groups and lower alkoxycarbonyl groups); or 

ri anrl R* combine to represent a lower alkylidene group (the lower alkylidene group may have 1 to 4 
substituents selected from the group consisting of amino groups, mono-lower alkylamino groups, di-lower 
alkylamino groups, hydroxyl groups, carboxyl groups and sulfonyl groups); or 

Ri and R 2 combine together with the nitrogen atom to which they bind to form a heterocyclic group (the 
heterocyclic group may have on the ring lower alkyl group(s) optionally substituted by group(s) selected from 
the group consisting of amino groups, hydroxyl groups, carboxyl groups and sulfo group), 

G represents a pentose group or hexose group, and 

X 1 and X 2 each independently represent a hydrogen atom, halogen atom, amino group, mono-lower 
alkylamino group, di-iower alkylamino group, hydroxyl group, lower alkoxy group, aralkoxy group, carboxyl 
group, lower alkoxycarbonyl group or lower alkyl group. 

This compound has an excellent antitumor effect. 



EP 0 545 195 A1 



70 



75 



20 



This inuention is useful ft «eW ol medicine, and .elates to novel i„dolopftoa.bKOlo derioaUues 

cm and mmm - — ** • pnoooaa no, 

""ISSSS cnce, opotherapy, man, cmpeunds are ajread, put to pra*al u* . m. — 

^rsTrr^^ 

having an extremely excellent antitumor activity. fniinwinn npneral 

Thus, this invention provides indolopyrrolocarbazole derivatives represented by the following general 

formula and pharmaceutical!/ acceptable salts thereof. 



25 



30 



35 




[I] 



40 



45 



Wh6 Rl n and each independently represent a hydrogen atom, lower alkyl group, lower alkenyl group, lower 
alkyny. group, nJu^kyiVuP or heterocyclic group (the lower alky. group lower aikeny^ 
foweralkynyl group aryl group, aralkyl group and heterocyclic group may each have 1 to 5 i suM tuents 

Sting of halogen atoms, optionally protected hydroxy! groups, amino groups. ™*^^™ o 
bamov groups cyano groups and lower alkoxycarbonyl groups, and the ammo group and carbamoyl group 
may each £ mono° or di-substituted by lower alky, group(s) optionally substituted by substitu^s) 
^d from I group consisting of halogen atoms, hydroxyl groups, amino groups, carboxyl groups, 

TSS^S: 9^ (the lower a,kyndene group may have ,1 to 4 
55 sublems se'ectod from the group consisting of amino groups, mono-lower alky.am.no groups, d-lower 
alkvlamino orouDS hydroxy, groups, carboxyl groups and sulfonyl groups); or 

a.ky.am no groups^hy ^ ^ ^ ^ they bjnd to form a heterocycl.c group he 

hetero cyclic group may have on the ring lower a.ky. group(s) optionally substituted by group(s) se.ected 



50 



o 



EP 0 545 195 A1 



from the group consisting of amino groups, hydroxy! groups, a carboxyl groups an^fffo groups), 
G represents a pentose group or hexose group, and 

X 1 and X 2 each independently represent a hydrogen atom, halogen atom, amino group, mono-lower 
alkylamino group, di-lower alkylamino group, hydroxyl group, lower aikoxy group, aralkoxy group, carboxyl 
group, lower alkoxycarbonyi group or lower alkyl group. 

The term of "lower" used in the present invention means that the carbon number of the group or 
compound to which this term is attached is 6 or less, preferably 4 or less. 

The "lower alkyl group" is a straight-chain or branched chain alkyl group having 1 to 6 carbon atoms, 
and examples thereof are a methyl group, an ethyl group, a propyl group, an isopropyl group, a butyl 
group, an isobutyl group, a sec-butyl group, a tert-butyl group, a pentyl group, an isopentyl group, a 
neopentyl group, a hexyl group, etc. 

The "lower alkenyl group" includes a straight-chain or branched chain alkenyl group having 3 to 6 
carbon atoms, and examples thereof are a propeny! group, a 2-butenyl group, a 3-butenyl group, a 3- 
pentenyl group, a 4-hexenyl group, etc. 

The "lower alkynyl group" can be a straight-chain or branched chain alkynyi group having 3 to 6 carbon 
atoms, and examples thereof are a propynyl group, a 2-butynyl group, a 3-butynyl group, a 3-pentynyl 
group, a 4-hexynyl group, etc. 

The "cycloalkyl group" includes a 3- to 6-membered cycloalkyl group, and examples thereof are a 
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl group, etc. 

The "cycloalkyl lower alkyl group" means an alkyl group substituted by a cycloalkyl group wherein the 
cycloalkyl and lower alkyl parts have the above meanings, respectively, and examples thereof are a 
cyclopropylmethyl group, a cyclobutylmethyl group, a cyclopentylmethyl group, a cyclohexylmethyl group, 
a 1-cyclopropylethyl group, a 2-cyclopropylethyl group, a 1-cyclobutylethyl group, a 2-cyclobutylethyl 
group, a 1-cyclopentylethyl group, a 2-cyclopentylethyl group, a 1-cyclohexylethyl group, a 3-cyclohexyl- 
propyl group, a 3-cyclopentylpropyl group, a 4-cyclohexylbutyl group, a 4-cyclopentylbutyl group, etc., and 
preferably, the cycloalkylalkyl group has 4 to 10 carbon atoms in total. 

The "aryl group" can be monocyclic or polycyclic, and aryl groups having 6 to 12 carbon atoms can be 
mentioned such as a phenyl group, a naphthyl group and a tetrahydronaphthyl group. 

The "aralkyl" group means a lower alkyl group substituted by an aryl group wherein the aryl and lower 
alkyl parts have the above meanings, respectively, and aralkyl groups having 7 to 15 carbon atoms can be 
mentioned such as, for example, a benzyl group, a phenethyl group, a phenylpropyl group, a phenylbutyl 
group, a phenylpentyl group, a naphthylmethyl group and a naphthylethyl group. 

The "heterocyclic group" includes a 5- or 6-membered heterocyclic group containing 1 to 4 hetero 
atoms selected from the group consisting of nitrogen atoms, oxygen atoms and sulfur atoms, and there can 
be mentioned aromatic heterocyclic groups such as, for example, a pyrrolyl group, a furyl group, a thienyl 
group, an oxazolyl group, an isoxazolyl group, a thiazolyl group, an isothiazolyl group, an imidazolyl group, 
a pyrazolyl group, an oxadiazolyl group, a thiadiazolyl group, a triazolyl group, a tetrazolyl group, a 
furazanyl group, a pyridyl group, a pyridazinyl group, a pyrimidinyl group, a pyrazinyl group and a triazinyl 
group; and nonaromatic heterocyclic groups such as, for example, a dihydrothienyl group, a 
tetrahydrothienyl group, a pyrrolinyl group, a pyrrolidinyl group, an imidazoiidinyl group, an imidazolinyl 
group, a piperidinol group, a piperazinyl group, an oxazolinyl group, an oxazolidinyl group, an isoxazolinyl 
group, an isoxazolidinyl group, a thiazolinyl group, a thiazolidinyl group, an isothiazolinyl group, an 
isothiazolidinyl group, a 1 ,2-dithiolanyl group, a 1 ,3-dithiolanyl group, a 1,2-dithiolyl, a 1 ,3-dithiolyl group, a 
dihydrothiopyranyl group, a tetrahydrothiopyranyl group, a 1 ,4-dithianyl group, a 1 ,4-dithiinyl group, a 1,4- 
oxathiinyl group and a thiomorpholinyl group. 

As the "mono-lower alkylamino groups", there can, for example, be mentioned a methylamino group, 
an ethylamio group, a propylamino group, an isopropylamino group, a butylamino group, a pentylamino 
group, a hexylamino group, etc., and as the "di-lower alkylamino groups" there can, for example, be 
mentioned a dimethylamino group, an ethylmethylamino group, a diethylamino group, an ethylpropylamino 
group, a dipropylamino group, a butylmethylamino group, a dibutylamino group, a butylethylamino group, a 
methylpentylamino group, a hexyimethylamino group, an ethylhexylamino group, etc. 

The "arylamino group" means an amino group substituted by an aryl group wherein the aryl part has 
the above meanings, and the arylamino group can be mentioned such as, for example, a phenylamino 
group and a naphthylamino group. 

The "halogen atoms" include a fluorine atom, a chlorine atom, a bromine atom and an iodine atom. 

As the "lower alkylidene groups", there can be mentioned straight-chain or branched alkylidene groups 
having 1 to 6 carbon atoms such as, for example, a methylene group, an ethylidene group, a propylidene 
group, an isopropylidene group, a butylidene group, an isobutylidene group, a sec-butylidene group, a 
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pendens group, an W»M» group, a ?™ U ^h,t»ft Z Has the abovp 

iomt atoxy group" means « <'°"« ^^l^mlTa ompoxy group, an isppnppoxy 

5^. LL-ybenayl group; groups farming an group th9 hydw , 

The "Penrose group" and "hexos. group" mean a pento* gr oup aud a exose P y 
^ps pf «h,ch may Pa subbed by ^ e » U gZps. **» S™* 8 » d 

represented by the following formula 



30 



35 




[la] 



wherein 



alkenyl group, aryl group, aralkyl group and heterocyclic WJ^™* , s) or a group 

55 irnidLid ny. gro7imidazolinyl group, piperidino group or. piepraziny. group (these heterocycl-c groups 
ly^ave on the ring lower alky, group(s) optionally substituted by hydroxy group(s)). 
G 1 represents a group of the formula 
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50 



55 



• 0H A 



fc R 8 or \ / 

OR 7 OH OH 



and therein R 7 represents a hydrogen atom or lower alky! group and R 8 represents a hydroxyl group or 
w amino group, and 

X 11 and X 21 bind to the indolopyrrolocarbazole rings at the 1- or 2-position and at the 10- or 11-position, 
respectively, and each independently represent a halogen atom, hydroxyl group, lower alkoxy group or 
aralkoxy group. 

Further preferred compounds are those represented by the following formula 

75 




[lb] 



25 



wherein 

R 12 represents a hydrogen atom or lower alkyl group, 
30 R 22 represents a hydrogen atom, lower alkyl group (the lower alkyl group may have 1 to 5 substituents 
selected from the group consisting of carboxyl groups, carbamoyl groups, hydroxyl groups and cyano 
groups), aryl group, aralkyl group (the aryl group and aralkyl group may have 1 to 4 substituents selected 
from the group consisting of hydroxyl groups and carboxyl groups), pyridyl group, imidazolyl group, 
imidazolinyl group, thiazolyl group, pyrrolidinyl group, piperazinyl group, or a group of the formula -Y-R 32 , 
35 and therein Y represents a carbonyl group, thiocarbonyl group or sulfonyl group, and when Y is a carbonyl 
group or thiocarbonyl group, R 32 represents a hydrogen atom, lower alkyl group, aryl group (the lower alkyl 
group and aryl group may have 1 to 4 substituents selected from the group consisting of halogen atoms, 
optionally protected hydroxyl groups, amino groups and carboxyl groups), amino group, hydrazino group, 
arylamino group, lower alkoxy group, carbamoyl group, pyridyl group, pyrimidinyl group, imidazolinyl group 
40 or pyrrolidinyl group, and when Y is a sulfonyl group, R 32 represents a lower alkyl group or aryl group; or 
R 12 and R 22 combine to represent a lower alkylidene group having carboxyl group(s); or 
R 12 and R 22 combine together with the nitrogen atom to which they bind to form a pyrrolidinyl group, 
piperidino group or piperazinyl group (these heterocyclic groups may have on the ring lower alkyl group(s) 
optionally having hydroxyl group(s)), and 
45 G\ X 11 and X 21 have the same meanings as defined in the above formula [la]. 
Preferred as G 1 is generally 



OH 
OH 



, and preferred as X 11 and X 21 are hydroxyl groups bound to the 1 -position and 11-position of the 
indolopyrrolocarbazole ring, respectively. 
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The compounds of this fton can exist in the form of pharmaceutical acftble salts. Such salts 
include addition salts with inorganic acids such as, for example, hydrochloric acid and sultoric acid and 
wi h organic acids such as, for example, acetic acid, citric acid, tartaric acid and male,c ^. Further, in 
case the compounds of this invention contain an acidic group, the acdic group can exist .n he form of 
Si metal sa?ts such as. for example, a potassium salt and a sodium salt; alkaline earth metal saUs sue 
as, for example, a magnesium salt and a calcium salt; and salts with organic bases such as an ethylam.ne 

Salt rcompord n of S the formula [I] set forth in this invention can be prepared by reacting a compound 
represented by the following formula or a derivative thereof wherein the functional groups are protected 



JO 



15 




[n] 



20 



or 




35 



40 



Y represents a hydrogen atom or substituted or unsubstituted lower alkyl group, and X X 2 and 

G have the same meanings as defined above with a compound represented by the following general 

formula or a derivative thereof wherein in case R« and R* contain a functional group, the functional group 

is each protected 

H,N-N [IV] 
\ R 23 



45 



Whe R'! and H» each independently represent a hydrogen atom, lower alkyl group, lower alkenyl group 
50 lower alkynyl group, aryl group, aralky. group or heterocyclic group (the lower alkyl group, 

group lower alkynyl group, aryl group, aralkyl group and heterocyclic group may have 1 to 5 substituents 
Ze from th'e group consisting of carboxyl groups, carbamoyl groups sulfo WS,«W 
cyano groups, mono-lower alkylamino groups, di-lower alkylamino groups, ^^V' Qroups and halogen 
atoms) or a group of the formula -Y-R3, and herein Y represents a carbonyl group, th.ocarbonyl group o 
55 Stony, grou . and R3 represents a hydrogen atom, lower alky, group, cycloalky. group, cydortyW 
group anrl group, aralkyl group, lower alkoxy group, hydrazino group, amino group, a^lamino group, o 
calmS group or heterocyclic group (the lower alkyl group, cycloalkyl group, cycloalkyla kyl group, aryl 
gC a alky group and heterocyclic group may each have 1 to 4 substituents selected from the group 



EP0 545 195 A1 



consisting of halogen atoms, optionally protected hydroxyl groups, amino groups^arboxyl groups, car- 
bamoyl groups, cyano groups and lower alkoxycarbonyl groups, and the amino group and carbamoyl group 
may each be mono- or di-substituted by lower alkyl group(s) optionally substituted by group(s) selected 
from the group consisting of halogen atoms, hydroxyl groups, amino groups, carboxyl groups, carbamoyl 
groups and lower alkoxycarbonyl groups); or 

R 13 and R 23 combine together with the nitrogen atom to which they bind to form a heterocyclic group 
(the heterocyclic group may have on the ring lower alkyl group(s) optionally substituted by group(s) 
selected from the group consisting of amino groups, hydroxyl groups, carboxyl groups and sulfo groups); if 
necessary, removing the protective group(s) existing in the product to prepare a compound represented by 
the general formula 




wherein R 13 , R 23 , X 1 , X 2 , G have the same meanings as defined above; 
or either formylating, alkylating, alkenylating, alkynylating, alkylating, carbamoylating, thiocarbamoylating, 
alka noylating or sulfonylating the amino group 




of the compound of the above formula [Ic] or the derivative thereof wherein the functional groups are 
protected when R 13 and R 23 represent a hydrogen atom, or condensing the above compound or derivative 
with a compound represented by the following formula or a derivative thereof wherein a functional group is 
protected 

OHC-R 5 [V] 

wherein R s represents a hydrogen atom or carboxyl group, or a lower alkyl group optionally having 1 to 
4 substituents selected from the group consisting of amino groups, mono- lower alkylamino groups, di-lower 
alkylamino groups, hydroxyl groups, carboxyl groups and sulfo groups, 

and if necessary, removing the protective groups existing in the product; or reducing the double bonds of 
the compound of the above formula [Ic] when R 13 and/or R 23 contain a double bond or the compound 
prepared by condensing the compound [Ic] and the compound [V], or the derivative thereof wherein the 
functional groups are protected, and if necessary removing the protective groups existing In the product; 
and if necessary, converting the resulting compound of the formula [I] into a pharmaceutical^ acceptable 
salt. 

Herein, the terms of alkylation, alkenylation, alkynylation, aralkylation, alkanoylation and sulfonylation are 
widely interpreted, and mean all of the reactions to introduce substituents corresponding to R 1 and R 2 in the 
structure of the compounds of this invention, and for example, alkylation means introduction of a substituted 
or unsubstituted alkyl group included in this invention. 

Reaction of a compound of the formula [II] or [III] (hereafter, including a derivative thereof wherein a 
functional group is introduced) with a compound of the formula [IV] (hereafter, including a derivative thereof 
wherein its functional groups are protected) can be carried out in accordance with reaction known per se of 
an imide or acid anhydride with a hydrazine or a hydrazine derivative, and can, for example, be carriecTout 
in the absence of a solvent or in an inert solvent, for example a solvent such as N,N-dimethylformamide at 
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ft 

a temperature between about 



u^C and the boiling point of the solvent, preferaft the range of about 

room temperature to about 80 • C. compound of the formula [II] or [III] is not 

The use quantity of the compound of the fo mula ™* ™ LrT the kind of the compound, reaction 
particularly limited, and can be varied over a ^mlla [ V! n a quantity in the range 

conditions, etc., but usually it is 1 lies ^ ^e of the compound of the 

of at least 1 mole, preferably 1 to 10 moles, i p art £W j J temperature, it is 

groups are sometimes protected appropriately. ^resent a hydrogen atom or a 

The thus obtained compound of the formula [lc] in cas ° to as a 

,5 ot an add catalyst such as hydrochloric acid or sulluric ac«h „ out „ , 

Formyiation «, a nurture o, - ^ SpelC^ cahThLsa,^. be carded 

out in accordance with a method known per se. to h " , ^*^^™^J h- i. an elkynyl halide. 
agent. alkynyMng agent or aralkyleting agen such - « ^JJ, ^ 0 » „ ^ 

method using palladium-carbon or the like. jed Q[A b 

Carbamoylation and thiocarbamoylation of a J^l^^CuS in the absence of solvent 
reacting it with a correspond isocyanate compound or ^■^JJ^^c'J, tne boiling point of the 
40 or in a suitable solvent. Reaction temperature can be in the range of about 20 o 

^KanC^rr." 0 — ,lct , can he -^^.SSlSE l£i 

usually, be 30 minutes to 2 days. jt ^ a rQagent such 

a baae. Reaction temperature can. uaueily. be eutHcient « eteronge ^ about - 0 C to about S 
a rate ot small excess, but can also be need, in a duanjty above o'^ under th^ 

raVo=^^ 
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preferably in the range of roonT temperature to about 50 Reaction time is in the range of 30 

minutes to 2 days, but can, if necessary, be a time above or under this. 

Use quantity of the compound of the formula [V] to the compound of the formula [lc-1] is not strictly 
limited, but usually, it is suitable to use the compound of the formula [V] in a rate of 1 to 50 moles, 
particularly 3 to 10 moles per mole of the compound of the formula [lc-1]. 

The hydrazone compound obtained by the above reaction can be subjected to usual catalytic 
hydrogenation reaction using palladium-carbon or the like to give a compound of the formula [I] wherein R 1 
or R 2 represents a hydrogen atom. 

In the foregoing processes, protection of functional groups in raw material compounds and removal of 
protective groups existing in the formed compounds can be carried out using usual and optional methods 
widely known in the chemical field. 

Further, isolation and purification of compounds produced by the above reactions can be carried out 
according to methods known per se in the field of organic synthetic chemistry, for example precipitation 
methods, solvent extraction melhods, recrystallization, chromatography, etc. 

A compound of the above formula [II] used as a starting raw material in the aforesaid processes can be 
prepared by glycosidating a compound represented by the general formula 




[VI] 



wherein X 1 , X 2 and Y have the same meanings as defined above 
prepared by a process known per se [refer to J. Chem. Soc. Perkin Transactions I. pp 2475-2480 (1990)] or 
a derivative thereof wherein thelunctional groups are protected. 

Glycosidation of the compound of the formula [VI] or the derivative thereof wherein the functional 
groups are protected can be carried. out by a process known per se [refer to J. Am. Chem. Soc. 60, 2559 
(1938)], for example by condensing it with a reactive derivative of a pentose or hexose wherein the hydroxy I 
groups are protected, e.g. 1-bromo-2,3,4,6-0-tetraacetylglucose, using as an activating agent mercury 
cyanide, silver carbonate, silver oxide or the like, preferably silver oxide, in an aprotic solvent, e.g. a solvent 
such as benzene, toluene or methylene chloride at a temperature of about 0°C to about 100'C, preferably 
about 80 °C. 

Alternatively, a compound of the formula [II] can also be prepared according to the process disclosed in 
the aforesaid PCT/W091 /1 8003. 

Further, a compound of the formula [III] can be prepared by treating with a base a thus obtained 
compound of the formula [II] or derivative thereof wherein the functional groups are protected. 

Preferred as the base is an aqueous solution of potassium hydroxide, and treatment with this base can 
usually be carried out at room temperature, but in some usually be carried out at room temperature, but in 
some occasions, can also be carried out with heating up to a temperature of about 50 0 C. 

Neutralization or acidification of the reaction mixture can, if necessary, be carried out using hydrochloric 
acid, and thereby it is possible to precipitate the compound of the formula [III] as crystals. 

The compounds of the formula [I] provided by this invention have an excellent antitumor action as 
shown in the following pharmacological test examples. 

(1) Therapeutic effect against mouse tumor (P388) 

Therapeutic effect of the compounds of this invention against mouse tumor (P388) is shown in Tables 1 
and 2. 
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Table 1 



Effect of the compound of Example 2 against P388 




Tumor 0 } 


Dose (2) , i.p. (mg/kg/injection) 


MST< 3> (day) 


T/C (%) (4> ! 


P388 


0 
1 
3 
10 
30 
100 


12.3 ±1.06 
15.8 ±0.84 
17.8 ±1.92 
>26.4 ± 18.82 
>42.2 ± 24.38 
>47.2 ± 18.90 


100 

1 \J\J 

128 
145 
>245 
>343 
>384 



(Footnotes of Tables 1 and 2) 

(1) Tumor inoculation : 10 6 cancer cells were intraperitoneal^ inoculated. 

(2) Dose: After tumor inoculation, each dose was intraperitoneal^ administered once a 
day from the 1 st day to 10th day. 

(3) MST: mean survival number of days 

(4) T/C (%): (MST of treatment group/MST of control) x 100 

(5) Standard: in case of T/C * 125, the test compound was judged to have a remarkable 



Table 2 


Effect of the compound of Example 5 against P388 




Tumor 01 


Dose (2) , i.p. (mg/kg/injection) 


MST* 31 (day) 


T/C (%) (4) 


P388 


0 
1 
3 
10 
30 
100 


12.3 t 0.95 
16.8 i 0.84 
17.8 ± 1.92 
>26.2 ± 10.18 
>23.4 t 9.74 
>36.4 ± 8.05 


100 
137 
145 
>213 
>190 
>296 



(Footnotes of Tables 1 and 2) 

(1) Tumor inoculation : 10 6 cancer cells were intraperitoneal^ inoculated. 

(2) Dose: After tumor inoculation, each dose was intraperitoneal^ administered once a 
day from the 1 st day to 1 0th day. 

(3) MST: mean survival number of days 

(4) T/C (%): (MST of treatment group/MST of control) x 100 

(5) Standard: in case of T/C * 125. the test compound was judged to have a remarkable 
antitumor effect in the dose. 



(2) Proliferation inhibition activity against mouse leukemia cell 
Measurement method: 

100 ul portions of a cell culturing medium (10% fetal bovine serum-containing-RPMI-1 640 medium) 
contalg 3x103 mouse leukemia cell (P388) were put in a 96-hole microplate, the cells were cul ured 
STS Col at 37-C for 24 hours. 10 ul each of test solutions containing ^ZtZTToZ 
were added respectively, and the cells were further cultured under 5% C0 2 at 37 C for 24 hours _ 10 _ui 
polns of 0 5% Thiazoyl Blue were added to the culture broths, and incubation was carried out under 5 A 
STt 37 • C for 2 hours to carry out enzymatic reaction. 20% sodium dodecyl sulfate (SDS) was added to 
Continue ^ reactL. incubaL was further carried out at 37-C for 4 hours to 
and absorbance at 550 nm was measured and compared with the control group. The results are shown in 

Table 3. 
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Table 3 



Proliferation inhibition activity against mouse 
leukemia cell P388 



Test compound 



50* inhibitory concentration 
(IC Kft , MM) 



Compound of Example 1 


<0.030 


Compound of Example 2 


0.29 


Compound of Example 3 


a a a c 
0. 0o5 


Compound of Example 4 


0.09O 


Compound of Example 5 




Compound of Example 6 


A AC A 

0.059 


Compound of Example 7 


A A A 1 
0.091 


Compound of Example 8 


0.30 


Compound of Example 9 


0.028 


Compound of Example 10 


0.46 


Compound of Example 11 


<0.026 


Compound of Example 12 


0.042 


Compound of Example 13 


0.22 


Compound of Example 14 


<0.027 


Compound of Example 15 


0.31 


Compound of Example 17 


0.044 


Compound of Example 22 


0. 1 1 


Compound of Example 23 


<0.025 


Compound of Example 24 


0.001 


Compound of Example 25 


0.048 


Compound of Example 27 


0.027 


Compound of Example 28 


<0.029 


Compound of Example 29 


0.005" 


Compound of Example 30 


0.003 


Compound of Example 31 


0.011 


Compound of Example 33 


0.11 


Compound of Example 34 


0.019 


Compound of Example 35 


0.17 


Compound of Example 36 


0.002 


Compound of Example 37 


0.095 



As apparent from the results of the above pharmacological test, the compounds of this invention exhibit 
an excellent antitumor action, and are useful as an antitumor agent for control or prevention of diseases, 
particularly for treatment of cancers. When a compound of this invention is used in such uses, it is, usually, 
formulated into a pharmaceutical preparation comprising an effective quantity of it and a pharmaceutical^ 
acceptable carrier or diluent. 
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As administration forms^he time of use of a compound of this inventftarious forms can be 
selected and there can be mentioned oral agents such as, for example, tablet, capsuls, powders, granules 
or liquids, or sterilized liquid parenteral agents such as. for example solutions or suspensions, or 
suppositories, ointments, or the like. 

5 Solid preparations can" be prepared, as they are. as forms of tablets, capsuls. granules or powders, or 
can also be prepared using suitable additives. Such additives may be additives usually used, and include 
saccharides such as, for example, lactose and glucose; starches such as. for example, corn, wheat and nee; 
fatty acids such as. for example, stearic acid; inorganic salts such as. for example, magnesium metasil.cate 
aluminate and anhydrous calcium phosphate; synthesized macromolecules such as, for example, polyvmyl- 

,o pyrrolidone and polyalkylene glycol; fatty acid salts such as. for example, calcium stearate and magnesium 
stearate; alcohols such as. for example, stearyl alcohol and benzyl alcohol; synthesized cellulose derivatives 
such as. for example, methylcellulose. carboxymethylcellulose, ethylcellulose and hydroxypropylmethylcel- 
lulose; and further, gelatin, talc, vegetable oils, gum arabic, etc. 

Solid preparations such as these tablets, capsuls. granules and powders contain an effective ingredient 

75 generally at 0.1 -1 00 weight %. preferably at 5-1 00 weight %. 

Liquid preparations are prepared in forms such as suspensions, syrups, injections or drops using 
suitable additives usually used in liquid preparations such as water, alcohols or oils originated in vegetables 
such as, for example, soybean oil, peanut oil and sesame oil. 

Particularly, solvents suitable in case of parenteral administration in the form of intramuscular injection, 

20 intravenous injection or subcutaneous injection include, for example, distilled water for injection, aqueous 
lidocaine hydrochloride solutions (for intramuscular injection), physiological saline, aqueous glucose solu- 
tions, ethanol. polyethylene glycol, liquids for intravenous injection (e.g. aqueous solutions of citric acid and 
sodium citrate, etc.), electrolyte solutions (for intravenous drip and intravenous injection), etc., and their 

mixed solvents. . • . . 

25 These injections can take forms that powder itself or to which suitable additives were added is 
dissolved at the time of use, besides such forms that ingredients are dissolved in advance. Such an 
injection contains usually 0.1-10 weight %. preferably 1 -5 weight % of the effective ingredient. 

Further, a liquid agent of a suspension, syrup or the like for oral administration can usually contain 0.5- 
10 weight % of the effective ingredient. 

30 The preferred dose of the compounds of this invention can be varied according to the kind of a 
compound to be used, the kind and application frequency of the compounded composition, the specified 
site to be treated, the degree of diseases, the age of patients, diagnosis of doctors, the kind of tumor, etc 
but as an approximate standard, the dose per day and per one adult can. for example, be in the range o 
10 to 500 mg in case of oral administration, and in the range of 10 to 100 mg in case of parenteral 

35 administration, preferably intravenous injection. The administration frequency varies depending on admin- 
istration methods and symptoms, but is 1 to 5 times a day. Further, there can also be adopted 
administration methods such as intermittent administration, e.g. every second day admm.strat.on or every 

third day administration. . . . , . »u 

This invention is more specifically described below by examples, but not limited only by these 

40 examples. 



Example A 

The compound represented by the formula . 




OH 
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3.4 g of 12,13-dihydro-1 ,1 1-dihydroxy-13-(0-D-glucop^ 
5,7(6H)-dione was dissolved in 120 ml of 10% aqueous potassium hydroxide solution, and the solution was 
stirred at room temperature for 2 hours. The reaction solution was neutralized with addition of 120 ml of 2N 
hydrochloric acid, and the precipitated red crystals were filtered, washed with water and dried to give 3.0 g 
5 of the captioned compound. 

FAB-MS(m/z): 520 (M) + , 521 (M + H) + 

1 H-NMR (400 MHz, DMSO-d 6 ), S(ppm): 3.42 (1H,m), 3.56-3.70 (2H,m), 3.76 (1H,m), 3.95-4.10 (2H,m), 4.95 
(1H,d,J = 4.6Hz), 5.24 (1H,d,J = 5.4Hz), 5.32 (1H,dd,J = 4.9, 5.1Hz), 7.06 (2H,dd,J = 7.6, 7.8Hz), 7.09 
(1H,d,J = 8.0Hz), 7.20 (1H,d,J = 7.8 Hz), 7.40 (1H,d,J=7.8 Hz), 8.36 (1H,d,J = 7.6Hz), 8.51 (1H,d,J = 7.6Hz), 
w 10.13 (1H,s), 10.52 (1H,s), 11.11 (1H,s) 

Example B 

The compound represented by the formula 

15 



20 



25 




30 50 mg of rebeccamycin was dissolved in 5 ml of N.N-dimethylformamide, 5 ml of 2N aqueous sodium 
hydroxide solution was added, and the mixture was stirred at 80 °C for 3 hours. 60 ml of water was added 
to the reaction solution, the mixture was cooled with ice, and the precipitated yellow precipitate was 
recovered by filtration. This was subjected to column chromatography on silica gel (inner diameter 1.5 cm, 
length 45 cm), the column was washed with chloroform, elution was carried out with chloroform- 

35 tetrahydrofuran (10:1), and the fraction containing the desired product was concentrated to dryness. The 
resultant yellow powder was washed with chloroform to give 6.4 mg of the captioned compound. 

Rf value: 0.51 (produced by Merck Co., Kiesel gel 6OF25+, developing solvent; chloroform : methanol : 
tetrahydrofuran : acetic acid = 10:1:1:0.2) 
FAB-MS(m/z): 571 [M + H] + 

40 1 H-NMR (300 MHz, DMSO-ds), 5(ppm): 10.9 (1H,s), 9.07 (1H,d,J = 7.8Hz), 8.92 (1H,d,J=7.8Hz), 7.78 
(2H,t,J= 7.8Hz), 7.53 (1H,d,J = 7.8Hz), 7.50 (1 H,d,J = 7.8,Hz), 7.03 (1H,d,J = 8.9Hz), 3.96 (2H,m), 3.87 
(1H,m), 3.61 (3H,s), 3.54-3.73 (3H,m), 

Example 1 

45 

The compound represented by the formula 



50 



55 



-4 A 
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10 




(1) 



»5 



20 



25 



3 51 g of 12 13-dihydro-1 ji.dihydroxy-13-(/3-D-glucopyranosyl)-5H-indolo[2,3-a]pyrrolo[3.4-c]ca*azole- 
5 7(6H)-dionewas dissolved in 8 ml of hydrazine hydrate (Wako Pure Chemical Industries Ltd ), and 
Son was carried out at room temperature for 2 hours. After the reaction. 180 mi o punfie d water wa 
added, the pH of the solution was adjusted to 5.0 with concentrated hydrochloric add the » was 
sufficiently cooled with ice. and the resulting precipitate was collected by hltration, washed with , pumjed 
water and dried under reduced pressure to give 3.51 g of the captioned compound represented by the 
formula (1). (yield : 97%) 

FAB-MS (m/z): 535 (M + H) + i- 7 o H y> 
'H-NMR (400 MHz, DMSO-ds). Mppm): 10.9 (1H. brs), 10.4 (1H J) 10.0 (1 H s 8-72 (1H d J-78I Hz), 
fiS4 MH d J=78Hz) 7 19 (2H. t, J = 7.8Hz), 7.19 (2H. t, J = 7.8Hz , 7.05 (1H, d, J = 9.3Hz), 7.02 (1H, d, 
J=7 8 Hz 700 (ll I, d, J = 7.8Hzi. 5.42 (1H, brd. J=5.8Hz). 5.35 (1H. brs). 5.22 (1H. brd. J= 4.4Hz). 4.96 
(2H. brs). 4.91 (1H. brd. J = 5. 3Hz). 4.01 (2H. m). 3.73 (1H. m). 3.63 (2H, m), 3.39 (1H. m) 



30 



Example 2 

The compound represented by the formula 



N = CH - COOH 
J. 




50 



55 



3 47 g of the compound obtained in Example 1 was dissolved in 20 ml of N.N-dimethylformam.de 
(DMF) while the solution was stirred at room temperature, 20 ml of a 100 mg/ml solution of glyoxyl.c acid 
(Sigma Co.) was added portionwise. and thereby a precipitate was formed and solidified into a gel-like state 
Further 200 ml of purified water was added, the reaction solution was cooled wrth .ce, and the resultant 
precipitate was collected by filtration, washed with purified water and dried under reduced pressure to give 
3.85 g of the captioned compound represented by the formula (2). (yield : 100%) 

S« «(PPm>: "-I PH. brs). 10.5 (1H. brs), 10 y iH ^^ 

d J=78Hz) 8 53 (1H, d. J = 7.8Hz). 7.23 (2H. t. J = 7.8Hz). 7. 10 (1H. d, J = 9.3Hz). 7.06 (1H. d, J-7.8Hz). 
7 j)4 (1H. d, J = 7.8Hz), 5.44 (1H, brs), 5.34 (1H. brs). 5.24 (1H. brs). 4.95 (1H, brd, J= 5.9Hz). 4.02 (2H. m). 
3.76 (1H. m). 3.64 (2H, m), 3.40 (1H. m) 
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Example 3 

The Compound represented by the formula 



TO 



75 




20 24 mg of the compound obtained in Example 1 was dissolved in 0.5 ml of N,N-dimethylformamide 
(DMF), while the solution was stirred at room temperature, 0.2 ml of 15% succinic semialdehyde (Aldrich 
Chemical Co.) was added, and one hour later, 5 ml of purified water was added. After the reaction solution 
was cooled with ice, and the resultant precipitate was collected by filtration, washed with purified water and 
dried under reduced pressure to give 25.3 mg of the captioned compound represented by the formula (3). 

25 (yield: 91%) 

FAB-MS(m/z): 619 (M + H) + 

1 H-NMR (400 MHz, DMSO-ds), 5(ppm): 12.1 (1H, brs), 11.0 (1H, brs), 10.4 (1H, brs), 10.0 (1H, brs), 8.69 
(1H, brs), 8.68 (1H, d, J = 7.8Hz), 8.51 (1H, d. J = 8.3Hz), 7.19 (2H. t, J = 7.8Hz), 7.07 (1H, d, J = 9.3Hz), 7.04 
(1H, d, J = 7.8Hz), 7.01 (1H, d, J = 7.8Hz), 5. 43 (1H, brd. J = 5.4Hz), 5.33 (1H, brs), 5.22 (1H, brs), 4.93 (1H, 
30 brd, J = 4.9Hz), 4.01 (2H, m), 3.74 (1H, m), 3.63 (2H, m), 3.40 (1H, m) 

Example 4 

The compound represented by the formula 

35 



40 



45 




0CH 3 



511 mg of rebeccamycin [the compound described in J. Antibiotics 40, 668-678 (1987)] was dissolved 
in 3 ml of hydrazine hydrate (Wako Pure Chemical Industries, Ltd.), and the solution was allowed to stand at 
room temperature for one hour. 200 ml of purified water was added, and the resultant precipitate was 
collected by filtration, washed with 100 ml of purified water and dried under reduced pressure to give 497 
55 mg of the captioned 6-N-aminorebeccamycin represented by the formula (4). (yield : 95%) 
FAB-MS(m/z): 585 (M + H) + 

'H-NMR (400 MHz, DMSO-d 5 ), 5(ppm): 10.64 (1H, brs), 9.24 (1H, d, J = 7.8Hz), 9.07 (1H, d, J=7.8Hz), 7.70 
(2H, t, J=7.8Hz), 7.45 (1H, d, J=7.8Hz), 7.42 (1H, d, J = 7.8Hz), 6. 93 (1H, d, J = 8.8Hz), 5.42 (1H, d, 
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5.03 f3H. brsl. 3.97 (2H, m), 3.84 (1H, m), 3.^^i, 



J=5.8Hz), 5.33 (1H, t, J = slfl5). 5.03 (3H, brs), 3.97 <2H, m). 3.84 (1H, m), 3*. s), 3.50-3. 70 (3H, 
m) 

Example 5 

The compound represented by the formula 



10 



15 



20 




(5) 



25 



30 



35 



40 



45 



50 



55 



[Process A] 

5 g of the compound obtained in Example 1 was dissolved in 60 ml of N,N-dimethylformamide. 1,8 ml 
of concentrated hydrochloric acid was added, the mixture was heated at 60 -C for 4 hours, 0.8 ml of 
concentrated hydrochloric acid was further added, and the mixture was warmed at 37 -C for 16 hours. This 
was mixed with 1 I of ethyl acetate, the mixture was washed successively with 2% sodium bicarbonate 
aqueous solution and water, and then the ethyl acetate layer was dehydrated with anhydrous sod.um sulfate 
and concentrated to dryness to give 3.3 g of orange powder. This was dissolved in methanol and subjected 
to column chromatography on Sephadex LH 20 (inner diameter 3 cm, length 54 cm, eluted wrth methanol), 
and the fractions containing the desired product were concentrated to dryness to give 2413.6 mg of the 
captioned compound represented by the formula (5) as orange powder. 

[Process B] 

259 mg of the compound obtained in Example A was dissolved in 0.5 ml of N,N-dimethylformamide. 
15 0 mg of formohydrazide was added, and the mixture was stirred at 70 -C for 2 hours. This was mixed 
with 70 ml of ethyl acetate, and the mixture was washed with water (20 ml). The ethyl acetate layer was 
dehydrated with anhydrous sodium sulfate and concentrated to dryness to give 26.9 mg of orange powder. 
This was dissolved in methanol and subjected to column chromatography on Sephadex LH 20 (inner 
diameter 1.5 cm. length 48 cm. eluted with methanol), and the fractions containing the desired product were 
concentrated to dryness to give 16.3 mg of the captioned compound represented by the formula (5) as 
orange powder. 

Rf value: 0.35 (produced by Merck Co.. Kiesel gel 60F 25 4, developing solvent; chloroform-methanol- 
tetrahydrofuran = 2:1:1) 

^H-NMR^ MHz! DMSO-de), 6(ppm): 11.0 (1H, brs), 10.8 (1H, s). 10.4 (1H, s), 10.0 (1H, s). 8.64 (1H, d. 
J=83Hz), 8.47 (1H. d. J = 8.3Hz), 8.44 (1H, s), 7.21 (2H. t, J = 7. 8Hz). 7.06 (1H, d, J = 9.7Hz). 7.05 (1H, d. 
J= 7.8Hz), 7.02 (1H, d, J = 7.8Hz), 5.43 (1H, d, J = 5.8Hz), 5.36 (1H, brs), 5.22 (1H, d. J = 5. 4Hz), 4.92 (1H. 
d. J = 5.4Hz), 4.02 (2H, m), 3.75 (1 H, m), 3.62 (2H, m), 3.39 (1 H, m) 

Example 6 

The compound represented by the formula 



H -7 
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5 



10 




30 ml of acetic acid and 2 ml of acetic anhydride were added to 510 mg of the compound obtained in 
Example 1, and the compound was dissolved therein with heating at 90 °C. Water was added thereto to 
make the mixture 300 ml, and the reaction product was adsorbed on a column of Diaion HP 20 (inner 
diameter 3 cm, length 13.5 cm) and after washing the column with 600 ml of water, eluted with 300 ml of 

20 methanol. The methanol eluate was concentrated to dryness, the residue was dissolved in 50 ml of 
methanol, and the solution was concentrated to about 5 ml. 100 ml of ethyl acetate was added thereto, the 
mixture was allowed to stand overnight at 4'C, and the resultant orange precipitate was collected by 
filtration to give 426 mg of the captioned compound represented by the formula (6). 

Rf value: 0.43 (produced by Merck Co., Kiesel gel 60F 25 4, developing solvent; chloroform-methanol- 

25 tetrahydrofuran = 2:1:1) 
FAB-MS(m/z): 576 (M) + 

1 H-NMR (400 MHz, DMSCkfc), 5(ppm): 11.0 (1H, s), 10.7 (1H, s), 10.4 (1H, brs), 10.05 (1H, s), 8.64 (1H, d, 
J = 7.8Hz), 8.47 (1H, d, J = 7.8Hz), 7.20 (2H, t, J = 7.8Hz), 7.01-7. 06 (3H, m), 5.35-5.45 (2H, m), 5.23 (1H, 
brs), 4.92 (1H, brs), 4.02 (2H, m), 3.74 (1H, m), 3.58-3.70 (2H, m), 3.40 (1H, m), 2. 10 (3H, s) 

30 

Example 7 

The compound represented by the formula 



NH-CH 3 



(7) 



OH 

72.5 mg of the compound obtained in Example 1 was dissolved in a mixture of 8 ml of tetrahydrofuran 
and 5 ml of methanol, 140 n\ of 2N hydrochloric acid and 13.2 u\ of 37% formaldehyde aqueous solution 
were added, and the mixture was stirred at room temperature for 2 hours and concentrated to dryness. This 
was dissolved in 5 ml of N,N-dimethylformamide, 80 mg of 10 % palladium carbon, and the mixture was 
subjected to reduction under hydrogen gas at room temperature for 2 hours and then filtered on Celite. 80 
ml of ethyl acetate was added to the resultant filtrate, the mixture was washed successively with 2% sodium 
bicarbonate aqueous solution and water, and then the resultant ethyl acetate layer was dehydrated and 
concentrated to dryness to give 28.8 mg of orange powder. This was dissolved in a small quantity of 
methanol, and the solution was subjected to column chromatography on Sephadex LH-20 (inner diameter 




50 



55 
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1 5 cm. ,oh 9 ,h 90 cm. eiuied . » ** ™ «• - «• «— «• ~ d * " 

^S?SS*SS' by Merck Co.. Ki.se, * «*». devoioping 
tetrahydrofuran-acetic acid = 20:10:10:1) 

(2H, m), 3.40 (1H. m), 2. 74 (3H, d. J = 5.4Hz) 



10 

Example 8 

The compound represented by the formula 
15 NHCH 2 COOH 

A. 



20 



25 




(8) 



30 



35 



40 



(DMF), 75 mg of 10 % palladiom-carbor, <Pd-C) J£SSd*Ig pape, on which 

captioned compound represented by the formula (8). 

sss?sa».). «* .» y^srvW* ti°S5U s sit * 

3.74 (1H, m). 3.63 (2H, m), 3.39 (1H, m) 



Example 9 

45 The compound represented by the formula 



50 



55 
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30 ml of methanol was added to 501.7 mg of the compound obtained in Example A and 501.7 mg of 
semicarbazide hydrochloride, 0.325 ml of triethylamine was then added, and the mixture was refluxed with 
heating for 8 hours. After the reaction, the reaction solution was concentrated to dryness, 300 ml of methyl 
ethyl ketone (MEK) and 200 ml of water were added, extraction operation was carried out, and another 300 
ml of MEK was added to the water layer to carry out reextration. The MEK layers were combined and 
concentrated to dryness, 300 ml of methanol was added to the residue to dissolve it, the solution was 
subjected to a chromatograph tower of Sephadex LH-20 (3 x 28 cm), and elution was carried out with 
methanol. The fractions containing the desired product were concentrated to dryness to give 461 mg of the 
captioned compound represented by the formula (g) as red crystal-like powder. 

Rf value: 0.15 (produced by Merck Co., Kiesel gel 60F 2 5+, developing solvent; chloroform : methanol : 
tetrahydrofuran = 2:1:1) 
FAB-MS(m/z): 577 (M) + 

1 H-NMR (400 MHz, DMSO-ds), 5(ppm): 11.0 (1H, s), 10.4 (1H, s), 10.0 (1H, s), 8.68 (1H, d, J = 7.8Hz), 8.66 
(1H, brs), 8.51 (1H, d, J = 7.8Hz), 7.20 (2H, t, J = 7.8Hz), 7.01- 7.07 (3H, m), 6.41 (2H, brs), 5.44 (1H, d, J = 
5.4Hz), 5.38 (1H, brs), 5.23 (1H, d, J = 4. 9Hz), 4,91 (1H, brs), 4.00-4.09 (2H, m), 3. 75 (1H, m), 3.60-3.68 
(2H, m), 3.39 (1H, m) 

Example 10 

The compound represented by the formula 



NHCSNH? 




4 ml of methanol was added to 22 mg of the compound obtained in Example A and 20 mg of 
thiosemicarbazide, and the mixture was refluxed with heating for 22 hours. The reaction solution was 
concentrated to dryness, the residue was dissolved in 4 ml of methanol, the solution was subjected to a 
chromatograph tower of Sephadex LH-20 (1.8 x 35 cm), and elution was carried out with methanol. The 
fractions containing the desired product were concentrated to dryness to give 10.7 mg of the captioned 
compound represented by the formula (10). 



on 
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d^terck Co.. Kiesel gel 60F 25 *. developing solver^i 



>roform : methanol : 



Rf value: 0.29 (produced" 
tetrahydrofuran = 2:1:1) 

Example 11 

10 The compound represented by the formula 



75 



20 



25 



30 



35 



40 




(ID 



9, mg of the compound obtained in Exampie 1 was ^ h ^*5tK^- 
soiution was added 30 mg of -*anes = an^ 

allowed to stand at room temperature ^ tower of Sephadex LH-20 (1.8 

the residue was dissolved in 2 ml of methanol, subjected to a dirom atog P concentrat ed to 



tetrahydrofuran = 2:1:1) 
m) 

Example 12 

The compound represented by the formula 



45 



50 



55 



NHCOCH2CH3 
I. 




(12) 



0-1 
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1 ml of the methanol and^nl of tetrahydrofuran were added to 11.7 mg of WRmpound obtained in 
Example 1 to make a solution, 0.1 ml of propionic anhydride (Aldrich Chemical Co.) was added, and the 
mixture was stirred at room temperature for 4 hours. 2 ml of water and 3 ml of methanol were added to the 
reaction solution, the mixture was allowed to stand for 30 minutes and then concentrated to dryness, and 3 
5 ml of methanol was added to make a solution. The solution was subjected to a chromatograph tower of 
Sephadex LH-20 (1.8 x 30 cm) and eluted with methanol, and the fractions containing the desired product 
were concentrated to dryness to give 6.2 mg of the captioned compound represented by the formula (12). 

Rf value: 0.55 (produced by Merck Co., Kiesel gel 6OF254, developing solvent; chloroform : methanol : 
tetrahydrofuran = 2:1:1) 

70 1 H-NMR (400 MHz, DMSO-d s ), $(ppm): 11.0 (1H. s), 10.6 (1H, brs), 10.4 (1H, brs), 10. 0 (1H, s), 8.64 (1H, d, 
J = 7.8Hz), 8.47 (1H, d, J = 7.8Hz), 7.20 (2H, t, J = 7.8Hz), 7.00- 7.08 (3H, m), 5.30-5.45 (2H, m), 5.21 (1H, 
m), 4.92 (1H, m), 4.02 (2H, m), 3.75 (1H, m), 3.62 (2H, m), 3.38 (1H, m), 2.39 (2H, q, J =9. 3Hz), 1.16 (3H, t, 
J = 7.3Hz) 

75 Example 13 



The compound represented by the formula 



20 



25 



30 




9.9 mg of the compound obtained in Example 1 was dissolved in 2 ml of tetrahydrofuran, 0.06 ml of 
35 trifluoroacetic anhydride (Aldrich Chemical Co.) was added, and the mixture was allowed to stand at room 
temperature for 15 minutes. 2 ml of water was added to the reaction solution, the mixture was concentrated 
to dryness, 2 ml of water and 10 ml of ethyl acetate were added, extraction operation was carried out, and 
the resultant ethyl acetate layer was concentrated to dryness. The resultant crude substance was dissolved 
in 3 ml of methanol, subjected to a chromatograph tower of Sephadex LH-20 (1.8 x 30 cm) and eluted with 
40 methanol, and the fractions containing the desired product were concentrated to dryness to give 9.5 mg of 
the captioned compound represented by the formula (13). 

Rf value: 0.53 (produced by Merck Co., Kiesel gel 6OF254, developing solvent; chloroform : methanol : 
tetrahydrofuran = 2:1:1) 
FAB-MS(m/z): 630 (M) + 

45 1 H-NMR (500 MHz, DMSO-ds), 5(ppm): 12.7 (1H, brs), 11.0 (1H, brs), 10.5 (1H, brs), 10.1 (1H, brs), 8.61 
(1H, d, J = 7.6Hz), 8.45 (1H, d, J = 7.9Hz), 7.21 (2H, t, J = 7.6Hz), 7. 02-7.07 (3H, m), 5.42 (1H, d, J = 5.8Hz), 
5. 35 (1H, brs), 5.21 (1H, brs), 4.91 (1H, d, J= 5.5Hz), 4.02 (2H, m), 3.76 (1H, m), 3.61 (2H, m), 3.39 (1H, 
m) 

50 Example 14 



The compound represented by the formula 



55 



00 
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10 



15 



20 



25 



30 



NHCH2<X)NH 2 
I 




(14) 



4 m. of .ethane, and 4 m, of benzene we* added to ,31 * mg ^"ei^as 
to make a solution, 0.15 ml of trimethy si < 10^ hexane *™£jr {Q give 

added, and the mixture was allowed to stand rt m ^L"J This was dissolved in 5 ml of 

29.3 mg of the methyl ester of the compound obtamed ***** * n was stjrred at room 
methanol. 0.6 ml of concentrated ammoma — J-^'^ ^3 Jot methanol was added 
temperature for 16 hours. The react.on solution was c ^ 8 ^^ tower of Sephadex 

to the residue to make a solution, and toe solufon Lred product were 

tetrahydrofuran = 2:1:1) 

1 S7 <,H ' 4 J " 5 ' 4H2) ' 402 (2H ' 

m). 3.74 (1 H, m), 3.68-3. 70 (4H, m). 3.39 (1 H. m) 
Example 15 



35 



40 



45 



50 



55 




(15) 



2 m . of methane, was added to 11 mg of the ^"'^ 
hydrazinopyridine (Aldrich Chemical Co.) to ^^^^^^9 ml of ethyl acetate 
,1 hours. The reaction so.ution ™J™««% ? ^ N%Tdro h 7c acid, extraction operation was 

sir z ri-^sf « ~sisr- srs-T- 
nrs = — "W^^ were concentrated 10 

dryness to give 10 mg of the captioned compound represented by the formula (15). 
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10 



J^^^/le 



Rf value: 0.46 (produced^TMerck Co., Kiesel gel 60F 25 4, developing solvei^Pfloroform : methanol : 
tetrahydrofuran = 2:1:1) 
FAB-MS(m/z):612(M + H) + 

^H-NMR (400 MHz, DMSO-ds), 5(ppm): 11.0 (1H, s), 10.4 (1H, s), 10.0 (1H, s), 9.34 (1H, s), 8.65 (1H, d, 
J = 8.3Hz), 8.48 (1H, d, J = 7.8Hz), 7.95 (1H, d, J = 4.9Hz), 7.62 (1H, t, J = 7.8Hz), 7.18 (2H, t, J = 7.8Hz), 
7.00- 7.08 (3H, m), 6.86 (1H, d, J = 7.8Hz), 6.78 (1H, dd, J = 4.9, 7.8Hz), 5.44 (1H, d, J =5. 8Hz), 5.37 (1H, 
brs), 5.23 (1H, d, J = 5. 8Hz), 4.92 (1H, brs), 4.02 (2H, m), 3.76 (1H, m), 3.64 (2H, m), 3.41 (1H, m) 

Example 16 

The compound represented by the formula 



15 



20 



25 




OH 



4 ml of methanol was added to 24 mg of the compound obtained in Example A and 4-hydrazinobenzoic 
30 acid (Aldrich Chemical Co.), and the mixture was refluxed with heating for 2 hours. The reaction solution 
was subjected to a chromatograph tower of Sephadex LH-20 (1 .8 x 44 cm) and eluted with methanol. The 
fractions containing the desired product were concentrated to dryness to give 20.9 mg of the captioned 
compound represented by the formula (16) as red crystal-like powder. 

Rf value: 0.31 (produced by Merck Co., Kiesel gel 6OF254, developing solvent; chloroform : methanol : 
35 tetrahydrofuran = 2:1:1) 
FAB-MS(m/z):655 (M + H) + 

^-NMR (500 MHz, DMSOds), 5(ppm): 11.0 (1H, s), 10.5 (1H, brs), 10.1 (1H, brs), 9. 11 (1H, s), 8.65 (1H, d, 
J=7.9Hz), 8.48 (1H, d. J = 7.9Hz), 7.80 (2H, d, J = 8.3Hz), 7.18 (2H, t, J = 7.6Hz), 7.01-7.08 (3H, m), 6.84 
(2H, d, J = 8.3Hz), 5.20-5.60 (3H, brs), 4. 96 (1H, brs), 4.03 (2H, m), 3.76 (1H, m), 3. 65 (2H, m), 3.41 (1H, 
40 m) 

Example 17 

The compound represented by the formula 

45 



50 



55 



1A 
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10 




(17) 



75 



20 



25 



6 ml of 50% methanol was added to 26 mg of the compound obtained in Example A and 38 mg of 
oxamic hydrazine (Aldrich Chemical Co.), and the mixture was stirred with heating at 80 -C for 20 hours. 
The reaction solution was concentrated to dryness, 15 ml of water and 50 ml of ethyl acetate were added, 
the mixture was adjusted to pH 2 with 1N hydrochloric acid, and extraction operation was carried out. The 
ethyl acetate layer was concentrated, and the precipitated crystals were collected by filtration to give 10 mg 
of the captioned compound represented by the formula (17). 

Rf value: 0.38 (produced by Merck Co., Kiesel gel 60F 25 *. developing solvent; chloroform : methanol : 
tetrahydrofuran = 2:1:1) 

FAB-MS(m/z): 606 (M + H) + . oo 

'H-NMR (500 MHz, DMSO-d 6 ). «(ppm): 11.4 (1H. s), 11.0 (1H, s), 10.4 (1H. s), 10.0 (1H. s). 8.63 (1H, d, 
J=79Hz), 8.46 (1H, d, J = 7.9Hz). 8.38 (1H, s). 8.11 (1H. s), 7.21 (2H, t, J = 7.9Hz), 7.02-7.07 (3H, m). 5.41 
(1H. d, J = 5.8Hz), 5.35 (1H, t. J = 5.8Hz), 5. 19 (1H, d. J = 5.2Hz), 4.89 (1H, d. J = 5.5Hz), 4.03 (2H, m), 3.76 
(1H, m). 3.63 (2H, m). 3. 40 (1H, m) 



30 Example 18 

The compound represented by the formula 

NHCOCHzCHj-COOH 




267 mg of the compound obtained in Example 1 and 5.5 mg of succinic anhydride were dissolved in 
so 0 5 ml of pyridine, and the solution was stirred at room temperature for 18 hours. This was concentrated to 
dryness under reduced pressure and the residue was dissolved in a small quantity of N,N-dimethylfor- 
mamide and subjected to high performance liquid chromatography (HPLC) [Chromatolex ODS, 20 x 250 
mm moving phase : 20% acetonitrile]. The fractions containing the desired product were concentrated to 
remove acetonitrile. adjusted to pH 2 and extracted with 100 ml of ethyl acetate. The ethyl acetate layer 
55 was dehydrated with anhydrous sodium sulfate and concentrated to dryness. The residue was dissolved in 
methanol and subjected to column chromatography on Sephadex LH-20 (inner diameter 1.5 cm. length 90 
cm. eluted with methanol), and the fractions containing the desired product were concentrated to dryness to 
give 9.7 mg of the captioned compound represented by the formula (18) as orange powder. 



or 



- « M. I brsn864(1H 
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70 



Example 19 

The compound represented by the formula 



75 



20 



25 




(19) 



40 



45 



™ il , ^ 5 T' ! ' 9POm,er - 0W1Mm » °" teca P' i '»« compound repf A ea CS 

«r 4 ^ 486 * - «* «. u s iis^ 

Example 20 

The compound represented by the formula 



50 



55 
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5 



70 




" m m g o, t-butyloxycarbony, (Boc)-glycin e g - S£d' 5 ^ 
was stirred under ice cooling for 15 m.nutes, 96.7 mg * for 15 minut es. To this was 

m ethy.ene chloride was added. and the mixture was 

added 227.6 mg of the ^^.'^ " \Lon was concentrated to dryness, the rescue 

20 stirred at room temperature for 17 hours. The react.on ^ ^ acidic water (pH 

was dissolved in ethyl acetate, the f^^^Z^ with anhydrous sodium sulfate and 
2) and then water, and the ethyl acetate Jg£^*J* column chromatography (1.5 x 55 cm, 
concentrated to dryness. The res,due ^J^^J^^^,^ product were concentrated to 

eluted with toluene : methanol - ^ sente6 by the f0rmU ' a W 

25 dryness to give 105.2 mg of the Boc denvatw » rt J*?^^ 0 ^ and the solution was stirred at room 
as orange powder. This was dissolve* hn Mi £ Jj^^^-lufcn was concentrated to dryness, 
temperature for 30 minutes to remove the BK J* ™ ^ a ^ and extract ed with n- 

the residue was dissolved in 15 ml of wat er. . J ^ m ie was adjusted to P H 2 with 
butanol. 40 ml of water was added to the n-butanol layer (^ an ^ der was diss olved in 

30 dilute hydrochloric acid and concentrated to dryness ■ ^JjJ? Vh.20 (1 5 x 38 cm. eluted with 
me thano. and subjected to "'"^^^^ 

methanol), and the fractions ^^j^ formula (20) as orange powder. 

of the hydrochloride of the capttoned ^^.^^\ meX& 4.6 mm. length 250 mm. detect.cn; 
HPLC; Rt. 8.7 minutes (column : Chmm ^f^^Z . trifluoroacetic acid = 1000:1 - 70% 
« 1 iv 305 nm flow rate; 1 ml/minute, moving phase. 20 h acetonimie . 
35 aceSe trloroacetic acid = 1000:1, 30 minutes linear grad.ent) 

. (2H ' * (2H ' * 

m), 3.64 (2H, m), 3.40 (1H, m) 



Example 21 

45 The compound represented by the formula 



50 



55 
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OH OH 



75 




(21) 



20 



25 



30 



40.0 mg of the compound obtained In Example A was dissolved in 3 ml of N.N-dimethyiformamide, 
42 2 mg of 1-deoxy-1-hydrazino-D-sorbitol and 0.1 ml of triethylamine was added, and the mixture was 
refluxed with heating for 16 hours. This was brought back to room temperature, subjected to a chromatog- 
raph tower of Sephadex LH-20 (1.8 x 20 cm) and eluted with methanol. The fractions containing the desired 
product were concentrated to dryness to give 20.0 mg of the captioned compound represented by the 
formula (21). 

FAB-MS(m/z):699 (M + H) + 

1 H-NMR (400 MHz, DMSO-d 6 ), 5(ppm): 10.91 (1H, s), 10.35 (1H, brs), 9.96 (1H. brs), 8. 73 (1H, d, 
J = 89Hz) 854 (1H, d, J=8.9Hz), 7.20 (2H, t, J = 8.4Hz), 7.00-7.10 (3H, m), 5.76 (1H, t, J = 3.8Hz), 5.42 (1H, 
d J = 5. 5Hz), 5.37 (1H, brs), 5.22 (1H, d, J = 5. 5Hz), 4.89 (1H, brs), 4.67 (1H, d, J = 3. 4Hz), 4.45 (1H, d, 
J = 5.1 Hz), 4.37 (1H, d, J= 7.0Hz), 4.25-4.43 (2H, m), 4.00 (2H, m), 3. 55-3.80 (7H, m), 3.44-3.52 (2H, m), 
3.35-3.44 (2H, m), 3.05-3.20 (2H, m) 

Example 22 



The compound represented by the formula 



35 



40 



45 



50 



55 




(22) 



100 mg of the compound obtained in Example A was dissolved in 5 ml of N,N-dimethylformamide, 100 
mg of carbohydrazide was added, and the mixture was stirred at 80' C for 3 hours and concentrated to 
dryness The residue was dissolved in methanol and the insoluble matters were removed by Celite filtration. 
The resultant filtrate was concentrated, and the residue was dissolved in a small quantity of methanol, 
subjected to a chromatograph tower of Sephadex LH-20 (1.5 x 20 cm) and eluted with methanol. The 
fractions containing the desired product were concentrated to dryness to give 91.2 mg of the captioned 
compound represented by the formula (22). 



no 



10 



EP 0 545 195 A1 

Rf value: 0.1 (produced^Merck Co., Kiesel gel 60F 25 ,, developing sol v^chloroform-methanol- 

tetrahydrofuran = 2:1:1:) 

J = 82Hz 850 (1H. d, J = 8.2Hz), 7.90 (1H, s), 7.17 (2H, t, j-B. 9Hz). 7.00-7.10 (3H, m). 5.43 (1H d J 4. 
M£ 5 38 (1H U 5.20 (1H, s), 4.90 <1H, s), 4.39 (2H, brs). 4.04 (2H, m), 3.75 (1H, m), 3.55-3.70 (2H, m). 
3.38 (1H, m) 

Example 23 

The compound represented by the formula 



75 



20 



25 



30 



35 



40 




(23) 



15 0 mg of the compound obtained in Example A was dissolved in 1 ml of N.N-dimethylformamide 32 
mg of 3-hydoxybenzy.hydrazine dihydroch.oride and 0.1 ml of 10% sodium Sita e" 
were added, and the mixture was stirred at 80 -C for 4 hours. Th.s was m.xed with 50 ml of ethyl ^acetate 
the mixture was washed successively with 0.2N hydrochloric acid and then saturated saline and the ethyl 
acetaXr was dehydrated with anhydrous sodium suKate and concentrated to dryness. The residue was 
dissolved in a small quantity of methanol, subjected to a chromatograph tower of Sephade * J-* 2 ^ 8 * 1 * 
cm) and eluted with methanol. The fractions containing the desired product were concentrated to dryness to 
give 15.3 mg of the captioned compound represented by the formula (23). 

Rf value 0.22 (produced by Merck Co.. Kiesel gel 60F 254 , developing solvent; chloroform-methanol- 
tetrahydrofuran = 5:1:1) 

ZmWUKDmL). 5 (PPm): 10-90 (1H. s). 10.38 (1H. s), \ « W J * W**™*?* 
l-R1Hz 8 53 (1H d J = 85Hz). 6.86-7.22 (8H. m). 6.61 (1H, dd, J = 2.2. 8.4Hz). 6.03 (1H. t. J -6.1Hz), 
H %5AHZ)'. 535 (1H. t. J = 5.0Hz)' 5. 22 (1H. d. J = 5.4Hz). 4.89 (1H. d. J=5.4Hz), 4,9 (2H. d. 
J = 5.1Hz). 4.00 (2H. m), 3.72 (1H. m). 3.53-3.70 (2H. m), 3.38 (1H. m) 

Example 24 

The compound represented by the formula 



50 



55 



on 



EP0 545 195 A1 




T5 



20 



25 



30 



64.6 mg of the compound obtained in Example A was dissolved in 2 ml of N,N-dimethylformamide 30 
mg of 2-cyanoethylhydrazine, and the mixture was stirred at 90 -C for 1.5 hours. 50 ml of 0 2N hydrochloric 
acid was added to the reaction solution, and the mixture was extracted with ethyl acetate (50 ml x 2 . The 
ethyl acetate layer was concentrated to dryness, and the residue was dissolved in a small quantity of 
methanol, subjected to a chromatograph tower of Sephadex LH-20 (1.8 x 30 cm) and elutec Iw. £ methanol 
The fractions containing the desired product were concentrated to dryness to g.ve 45.0 mg of the captioned 
compound represented by the formula (24). _ 

Rf value: 0.39 (produced by Merck Co.. Kiesel gel 60F 25 *. developing solvent; chloroform : methanol - 

3:1) 

S5Sr^ MHzITMSO-ds). 8(ppm): 10.91 (1H, s), 10.36 (1H. s), 9.98 (1H s), 8.70 (1H d J = 8.4Hz). 
853 <1H d J = 84Hz) 7. 18 (2H, t, J = 8.4Hz), 6.95-7.10 (3H, m). 6. 15 (1H, t, J = 4.2Hz), 5.42 (1H, d, 
J = 5.7Hz*), 5.34 (1H, brs). 5.23 (1H, d, J = 4.4Hz). 4.91 (1H, d, J = 5.3Hz), 4.00 (2H, m). 3.72 (1H, m), 3.55- 
3.70 (2H, m), 3.39 (1H. m), 3.30 (2H, td, J = 4.2, 6.2Hz), 2.69 (2H, t, J = 6. 2Hz) 

Example 25 

The compound represented by the formula 



35 



40 



45 




(25) 



50 



55 



1 09 g of the compound obtained in Example A was dissolved in 35 ml of N,N-dimethylformam.de - 2 
ml of water. 455 mg of 2-hydrazino-2-imidazoline hydrobromide and 211 mg of sodium bicarbonate were 
added, and the mixture was stirred at 80'C for 2 hours and concentrated to dryness The residue was 
dissolved in 300 ml of 0.2N hydrochloric acid and extracted with n-butanol (1L x 2). The butanol layer was 
concentrated to dryness, and the residue was dissolved in a small quantity of methanol, subjected to a 
chromatograph tower of Sephadex LH-20 (3.0 x 80 cm) and eluted with methanol. The fractions containing 
the desired product were concentrated to dryness to give 650 mg of the captioned compound represented 



OA 
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by the formula (25). 60F dev eloping solvenffcutanol : acetic acid : 

Rf value: 0.55 (produced by Merck Co.. Kiesel gel 60r- 25 *, 

water = 4:1:1) 

zxxs^ss^x** ~ ,2H; * 370 - 3 - 90 ,5H ' * 

(2H,m),3.41 (lH,m) 



jo Example 26 

The compound represented by the formula 

OH 



25 




« mg of the compound obtained in .ample A ^^^^^ 
35 14.3 mg of 1-amino-4- { 2-hydroxyethy.) ^^.° C ) Q % L^f This was distributed between 50 ml 
solution were added, and the ^^^^A^^ was added to the water layer, and the 
of ethyl acetate and 50 ml of water, 5 ml of 0.2 N « concentrated to dryness, and the 

fixture was extracted with n-butano. (100 m *J^"Z£* ™ chromatograph tower of Sephadex 
residue was dissolved in a small ^ containing the desired product were 

<o LH-20 (1.8 x 30 cm) and eluted w,th "^SJwuId represented by the formula (26). 

"^SESSK " cTiSSSK- — — * : acetic ac,d : 

water = 4:1:1) 

(4H ' ml - 3 - 2 " 50 <6H ' m) 



Example 27 

The compound represented by the formula 



55 
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70 



75 




(27) 



24 ma of the compound obtained in Example A was dissolved in 0.6 ml of N.N-dimethylformamide 10 
mg of t-bSty ca^Se acid was added, and the mixture was stirred at 80'C for 6 hours .V» m«d 

20 Si 80 m Id ethyl acetate, the mixture was washed successively with water (30 ml x 2) and saturated 
Ta ne aS 1 ethyl acetate ,ayer was dehydrated with anhydrous sodium sulfate and concentrated to 
Z ss The residue was dissolved in 1 ml of methanol, subjected to a chromatograph towe r rf* had 
LH-20 (1 6 x 20 cm) and eluted with methanol. The fractions containing the des red product were 
concentrated to dryness to give 27.2 mg of the captioned compound represented by the formula (27) 

25 Rf vate: produced by Merck Co., Kiese. gel 60F 25 , developing solvent; chtoroform : methane. = 

mTdMsL). S(ppm): 10.99 (1H. s), 10.42 <1H s, ,.10.02 ******* J* «f 
H i-77H^ 849 <1H d J = 77Hz), 7.18 (2H, t, J=7.7Hz , 7.00-7.10 (3H, m). 5.42 (1H, brs), 5.35 (1M, Drs), 
30 5* "dS Mo' OH X\), 4.02 (2H. „H. m), 3*3.70 (2H. m), 3. 40 (1H. m). 1.50 (9H, s, 

Example 28 

The compound represented by the formula 

35 



40 



45 




(28) 



50 



and the compound represented by the formula 



55 
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10 




(29) 



0 

42.1 mg of the captioned compound represented by the formula (28) and 67.5 mg of the compound 
represented by the formula (29). 

25 

Th e compound represented by the formula (28) 

Rf value: 0.68 (produced by Merck Co., Kiesel gel 60F 25 „ developing solvent; chloroform : methanol = 

3.58-3.65 (2H. m), 3.35 (1H, m) 

35 

The c ompound represented by the formula (29) 

Rf value- 0.75 (produced by Merck Co., Kiesel gel 60F 25 <, developing solvent; chloroform : methanol = 

Ki^wAwU 3.70 OH. m >. 3.5,-3.66 , 2 H. « 3.35 „H, n» 

45 Example 29 

The compound represented by the formula 



50 



55 




35 



40 



45 



50 



55 



20 mg of the compound obtained in Example 1 was dissolved in 1 m of N,N-dimethy^oiwamide, 0^ 
ml of benzyl bromide was added, and the mixture was stirred overnight. Th.s was m.xed w,th 40 ml of ethyl 
acetote L mixture was washed successively with water (30 ml x 2) and and then saturated sal.ne, and the 
XTaie layer was dehydrated with anhydrous sodium suKate and ^^^J,^,^ 
residue was dissolved in 1 ml of methanol, subjected to a chromatograph tower of Sephadex LH-20 (1.6 x 
0 cm)" d eluted with methanol. The fractions containing the desired ^ ™ 
concentrated to dryness to give 13.2 mg of the captioned compound represented by the formula (30) and 
7.2 mg of the compound represented by the formula (31). 

T he compound represented by the formula (30) 

Rf value: 0.44 (produced by Merck Co., Kiesel gel 60F 25 <, developing solvent; chloroform : methanol = 

S ( S™ 6) , Mppm): 10.85 (1H, s, 10.35 (1H s) 9.6 <1H * e« J* * ^ 
8.45 (1H, d, J = 9.0Hz), 7. 50-7.65 (4H, m). 7.10-7.40 (8H. m). 6.95-7.10 (3H m), 5.40 (1H d 5-30 
(1H, brs), 5.18 (1H, d, J=4.9Hz), 4.83 (1H, d, J=4.9Hz), 4.58 (2H, s), 4.55 (2H. s), 4. 00 (2H, m). 3.46 3.80 
(3H, m), 3.36(1 H.m) 

The compound represented by the formula (31) 

Rf value: 0.38 (produced by Merck Co., Kiesel gel 60F 25 *. developing solvent; chloroform : methanol = 

M^n'mR^POO ^Hz^DMSO-ck). i(PP m ) : 10-88 (1H, s). 10.40 (1H, brs), 10.00 (1H. brs), 8.67 (1H, d, 
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J = 7.9Hz). 8.51 (1H, d. 03Hz). 7.50 (2H, d, J=6.9Hz), 7.30 (2H, t, J= ft, 7.21 (1H, t. J=6.9Hz) 
7.16 (2H. t, J = 7.3H 2 ), 6.96-7.07 (3H, m), 6.13 (1H, t. J -5.3Hz). 5.42 (1H. d, J = 5.9Hz). 5 21 (1H d 

r 5 , 3 ,^!' ^ 91 (1H> brS) ' 4 55 (1H> brS)l 4 28 (2H ' dl J = 5.3Hz), 4.02 (2H, m), 3.72 (1H, m), 3.55-3.70 OH. 
m), 3.40 (1H, m) 

Example 30 

The compound represented by the formula 



70 



75 



20 




(32) 



25 



30 



1.4 g of the compound obtained in Example A was dissolved in 30 ml of N,N-dimethylformamide 1 q of 
methyl carbamate was added, and the mixture was stirred at 80' C for 2 hours. 400 ml of water was added 
o the mixture, and the mixture was extracted with ethyl acetate (500 ml x 3). The resultant ethyl acetate 
layer was concentrated to dryness. The residue was dissolved in 5 ml of methanol, subjected to a 
chromatograph tower of Sephadex LH-20 (3.0 x 80 cm) and eluted with methanol. The fractions containing 
the desired product were concentrated to dryness to give 1.3 g of the captioned compound represented by 
the formula (32). y 

Rf value: 0.18 (produced by Merck Co., Kiesel gel 60F 25 *, developing solvent; chloroform : methanol = 

4:1) 

35 FAB-MS(m/z):592 (M + H) + 

^H-NMR (300 MH 2l DMSO-de). 5(ppm): 11.00 (1H, s), 10.42 (1H, brs), 10.18 (1H, s), 10. 04 (1H, brs), 8.64 

I i 'o^u ?' 847 (1H ' * J = 8 - 3Hz >' 720 < 2H ' t J-aSHz), 7. 00-7.10 (3H, m), 5.42 (1H, brs), 5.35 (1H, 
brs), 5.21 (1 H, brs), 4.91 (1 H, brs), 4.02 (2H, m), 3.75 (3H, s), 3.50-3.70 (3H, m), 3. 40 (1 H, m) 

40 Example 31 

The compound represented by the formula 



45 



50 



55 



10 



15 
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0^ 



J. OH 




(33) 



90 mg of the compound obtained in Example A was dissolved in 1 ml. of N,N-dimethylformamide, 67 
20 mg of (2R,3S)-3,4-0-isopropylidene-2,3,4-trihydroxybutane carbohydrazide, and the mixture was stirred at 
80 • C for 7 hours and then at room temperature for 3 days. 50 ml of water was added to the mixture, and 
the mixture was extracted with ethyl acetate (50 ml x 2). The resultant ethyl acetate layer was concentrated 
to dryness. The residue was dissolved in 3 ml of methanol, subjected to a chromatograph tower of 
Sephadex LH-20 (1.8 x 25 cm) and eluted with methanol. The fractions containing the desired product were 
25 concentrated to dryness to give 1 12 mg of the captioned compound represented by the formula (33). 

Rf value: 0.14 (produced by Merck Co., Kiesel gel 60F 25 *, developing solvent; chloroform : methanol = 

4:1) 

FAB-MS(m/z):692 (M + H) + 

'H-NMR (300 MHz. DMSO-d 6 ), J(ppm): 11.01 (1H, s), 10.70 (1H, s), 10.45 (1H, s), 10.05 (1H, s), 8.75 (1H, d, 
30 J=7.4Hz), 8.47 (1H, d, J=7.4Hz), 7.21 (2H, t, J = 7.4Hz), 7.00-7. 10 (3H, m), 6.26 (1H, d, J = 6.7Hz), 5.44 
(1H. d. J = 5.9Hz), 5.39 (1H, brs), 5.24 (1H, d, J = 5.9Hz). 4.93 (1H, d, J=5.9Hz). 4.31 (1H, dd, J =6.7, 
11.9Hz), 4.22 (1H, t, J = 6.7Hz), 4.10 (1H, ddd, J = 6.7, 6.7, 11.9Hz), 4.05 (2H, m), 3.91 (1H, t, J=6.7Hz), 
3.76 (1 H, m), 3.57-3.71 (2H, m), 3.40 (1 H, m), 1 .45 (3H, s), 1 .36 (3H, s) 

35 Example 32 

The compound represented by the formula 



40 



45 



so 




(34) 



55 



25 mg of the compound obtained in Example 1 was dissolved in 5 ml of anhydrous tetrahydrofuran, 10 
mg of p-toluenesulfonic anhydride was added, and the mixture was stirred at room temperature for 1 day. 
The reaction solution was concentrated to dryness, and the residue was dissolved in 1 ml of methanol, 
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"T^rXtuCbyl^o.. Ki.se, * 60F, S .. dM** sofcen,; *«. : I : 

tetrahydrofuran = 3:1:1) 

FAB-MS(m/z): 688 (M+ H) + H } 1 Q Q5 (1 H s)< 8 . 54 (1 H. d. 

1H-NMR (300 MHz, DMSO-ds). «(ppm): 10.98 (1H s) 10.87 (1H. . ™. t • I 

(2H, m), 3.75 (1H, m), 3. 55-3.70 (2H, m). 3.40 (1H, m). 2.42 (3H, s) 

Example 33 

The compound represented by the formula 



75 



20 



25 



30 



35 



40 




(35) 



phenyl isocyanate was added, and the mixture was i stirrec i * h methanol, subjected to a 

ssffi'sr.c..*. « «■ - - — - — ^ 

by the formula (35). HAv/Ainnina solvent; chloroform : methanol : 

Rf value: 0.38 (produced by Merck Co., K.esel gel 60F 25 *. developing soivenx, 

tetrahydrofuran = 2:1:1) 

4.03 (2H, m), 3.75 (1H, m). 3. 58-3.70 <2H. m). 3,38 (1H, m) 



45 



Example 34 

The compound represented by the formula 



50 



55 



0-7 
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70 



75 




(36) 



15 mg of the compound obtained in Example 1 was dissolved in 2 ml of tetrahydrofuran, 16 ul of 
benzoyl chloride was added, and the mixture was stirred at room temperature for 2 hours. The solvent was 
20 dMM away and the residue was dissolved in 1 ml of methanol, subjected to a chromatograph tower of 
Sephadex ^0.6 x 20 cm) and eluted with methanol. The fractions containing the desired product were 
concentrated to dryness to give 12 mg of the captioned compound represented by the °™ u ^^ e . 

Rf value: 0.57 (produced by Merck Co., Kiesel gel 60F 25 *. developing solvent; chloroform . methanol . 
tetrahydrofuran = 2:1:1) 

MH d J==8Hz) 849 (1H d J=8.5Hz), 8.04 (2H, d, J = 7.1 Hz). 7. 55-7.78 (3H, m). 7.20 (2H. t. J -8.5Hz). 7. 
00 7-?5 (3H ml 5 45 (2H. brS), 5.25 (1H. brs)! 4.97 (1H. brs). 4.02 (2H. m). 3.55-3. 82 (3H. m), 3.41 (1H, m) 

30 Example 35 

The compound represented by the formula 



35 



40 



45 



50 



55 




(37) 



25 mg of the compound obtained in Example A was dissolved in 1.5 ml of N.N-dimethylformam.de 30 
m g of . pIcoHnohydraz^de was added, and the mixture was stirred at 80-C for 2 

50 ml of ethyl acetate, and the mixture was washed successively wrth water and then safcrated same 
dehydrated with anhydrous sodium sulfate, and concentrated to dryness. The residue was d.ssolve In 1 1 ml 
nSnol subjected to a chromatograph tower of Sephadex LH-20 (1.8 x 15 cm) and eluted with 
me*anot The frSs containing the desired product were concentrated to dryness to g,ve 30 mg of the 
captioned compound represented by the formula (37). ■ ™«th a nni • 

Rf value: 0.58 (produced by Merck Co., Kiesel gel 60F 25 ,, develop.ng solvent; chloroform . methanol . 

tetrahydrofuran = 2:1:1) 
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™S : » 2 .'DMsS(Pp m ): OH. s). 11.02 (IH. s). «f« J^^f 1 ** 
J = 42Hz 875 (1H d J = 7.3Hz), 8.48 (1H, d. J = 7.8Hz). 8.12 (2H, m), 7.75 (1H. m), 7.20 (2H, t, J = 7.0Hz), 
7. 00-715 (3H m) "A i (IH. d. !i = 6.3Hz), 5. 40 (1H, brs). 5.25 (1H, d. J = 6.3Hz), 4.96 (1H, brs), 4.04 (2H, 
5 m), 3.76 (1H. m), 3.55-3.72 (2H, m). 3.42 (1H, m) 

Example 36 

The compound represented by the formula 

70 



75 



20 



25 



30 



35 




(38) 



30 mg of the compound obtained in Example A was dissolved in 1 ml of N.N-dimethylformamide, 30 
mg of 2-hydrazinoethanol was added, and the mixture was stirred at 80'C for 2 hours. Th.s was 
concentrated to dryness. The residue was dissolved in 1 ml of methanol, subjected to a chromatography 
tower of Sephadex LH-20 (1.8 x 20 cm) and eluted with methanol. The fractions containing the desired 
product were concentrated to dryness to give 32 mg of the captioned compound represented by the 

Rf value: 0.32 (produced by Merck Co., Kiesel gel 60F 25 4, developing solvent; chloroform : methanol = 

W«MR (300 MHz, DMSO-ds), 5(ppm): 10.91 (1H, s), 10.35 (1H, brs), 9.98 (IH brs ) I B L 70 » (1H d, 
J=6.7Hz), 8.53 (1H, d, J = 6.9Hz), 7.18 (2H, t, J = 7.6Hz), 6.99-7.06 (3H, m), 5.76 <1H, t, J = 52Hz) 5.41 IH, 
d, J = 5. 6Hz), 5.32 (1H, brs), 5.20 (1H, d, J = 5. 2Hz), 4.90 (1H, brs), 4.51 (IH, t 9Hz), 3.96-4.06 (2H, 
m), 3.73 (1H, m), 3.55 -3.70 (4H, m), 3.39 (1H, m), 3.12 (2H, m) 

40 Example 37 

The compound represented by the formula 



45 



50 



55 



on 
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10 



15 



35 




(39) 



40 mg of the compound obtained in Example A was dissolved in 2 ml of N.N-dimethylformamide. 10 
mg o 1 aminopyrroiidine hydrochloride and 0.1 ml of sodium bicarbonate 
po and the mixture was stirred at 80 -C for 2 hours. 40 ml of water was added thereto and^the mixture was 
parted 2 ethTacZe (40 ml x 2). The resultant ethyl acetate layer was dehydrated wrt , an hydrous 
sSm suZ and concentrated to dryness. The residue was dissolved in 1 ml of methanol subjected to a 
iatooS tower of Sephadex LH-20 (1.8 x 20 cm) and eluted with methanol. The tactions containing 
rdesX^rwere concentrated to dryness to give 10.0 mg of the captioned compound represented 

25 ^ l Rf SoSproduced by Merck Co., Kiesel gel 60F 25 . developing solvent; chloroform : methane. = 

MHzTmsU). S ( PP m): 10-91 <1H, s), 10.5(1* s) ,95 (IK s), 8.78 ■ 
,„ ft ^9 n H ri J = 83Hz, 7 16 (2H, t, J = 7.6Hz), 6.98-7.06 3H, m). 5. 40 (1H, d, J-5.5HZ), 5.JJ O", , 
30 5.4 0H d /-3.5Hz). 4.55 (1H, d.J-4. 8Hz>. 4.02 <2H, m). 3.74 (,H. a,,. 3.63-3.68 |2H. n,,. 

3.30-3.42 (5H, m), 1.97(4H, m) 



Example 38 

The compound represented by the formula 



40 



45 



50 



55 




(40) 



NH 2 -HC* 
'OH 

90 mg of 6-benzyloxymethyl-1,11-dibenzyloxy-12,13-dehydro-5H-indolo[2,^ 
4 7rt?H,-dione a compound disclosed in PCT/WO91/18003, 1.3 g of silver ox.de and 550 mg of 4A 
^i^^SiZ in 30 m. of anhydrous benzene. After reflux with heating for 20 minutes, a 

soSn o'^ 5 m ' oi oT v6r Z inXbie 

w^s added dropwise over a period of 10 minutes. After further reflux with heating for 2 days, the insoluble 
Ta^ were X using Celite. The filtrate was concentrated to dryness, and the res,due was dissolved 
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in 150 m , of ethyl acetat f successively ^^^^fc^ SSS 
saline, dehydrated with anhylSus sodium ^■^TTSSIS SSTSd " 80 cm) and e.uted with 
in 5 ml of chloroform, subjected to ^^^^^^^ dryness, and the residue was 
chloroform. The fractions containing the desired I product were nncenra y = 31 Q1 (R| . 0 . 5)i 

. purified by preparative thin layer of^zyS^ 

£»SS^^ and the solution 

was^rr^^ 

, 0 was washed successivefy with 0.2 N hydroch^c Tdue wafdissolved in" 0.5 ml of 

anhydrous sodium sulfate, and concentrated to j*ne». The re ^ ^ ^ g 

letrahydrofuran - 1 ml of methanol, palladium black ^ aaaea an ^ m| 

hydrogen stream, at room temperature "J^^Z£» SEoEi. concsntrL to dryness, 
of 10% hydrogen chloride-methanol was added to the ^filtrate, and me ^ x LH . 20 

water = 4:1:1) 

20 FAB-MS(m/2):534(M + H) + .„ onMU .» mifliiH <rt 1020 (1H s). 8.79 (1H. d. J=7.9Hz), 

1H-NMR (400 MHz, DMSO-d 6 ). S (ppm): : 1M0 (1H ^^^^^ 9 . 2Hz) . 7.10 (1H, dd, 
8.52 (3H, br), 8.50 (1H, d. J-MH4 J« ^Jut't J-92 92Hzi 6 42 (1H, d. J = 5. 2Hz). 6.16 (1H. 

n=a^ - <- ■* - * 368 (1H - 

25 m),3.42(1H,m) 
Example 39 

The compound represented by the formula 



30 



35 



40 



0= 










OH 


OH 





LOJ 



(41) 



30 mg of the compound obtained in Example A was 
mg of cyanoacetohydrazide was added, and ^^^X^^^ saturated saline, and 
with 30 ml of ethyl acetate, the mixture was washed suaassN* ^™ conce ntrated to dryness. The 
50 the ethyl acetate layer was £SJSt llaS tower oisephadex 

residue was dissolved in a small quantity of ™ttw*8u J^^JJ? ^ 5 esired produ ct were 

55 tetrahydrofuran = 3:1:0.1) 

FAB-MS(m/z): 601 (M + H) + H } 10 04 (1 H s) 8 . 65 (1 H . d. 
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d^fc.8Hzi, 4. 13 (2H, s), 4.04 (2H, br), 3.75 (1H, m^fe* 



(1H, d, J = 6.8Hz), 4.90 (1H, d^6.8Hz), 4. 13 (2H, s), 4.04 (2H, br), 375 (1H, m^4 (2H, m), 3.43 (1H, 
m) 

Example 40 

The compound represented by the formula 



10 



15 



20 




(42) 



25 



30 



35 



40 



1 g of i2,13-dihydro-1,11-dihydroxy-13-^-D-glucopyranosyl)-5H-inclolo[2 l 3-a]pyrrolot3,4-c]carbazole- 
5 7(6H)-dione was dissolved in 25 ml of tetrahydrofuran, an ether solution of an excessive quantity of 
diazomethane was added, the mixture was stirred at 4-C overnight, and the formed yellow precipitate was 
collected by filtration. This was dissolved in 3 ml of hydrazine monohydrate, and the solution was subjected 
to reaction at room temperature for 1.5 hours. After the reaction, 200 ml of purified water was added, and 
the resultant precipitate was collected by filtration, washed successively with purified water and then 
methanol, and dried under reduced pressure to give 683.4 mg of the captioned compound represented by 
the formula (42). 

HPLC; Rt, 10.5 minutes (column : Chromatolex ODS, inner diameter 4.6 mm, length 250 mm, detection; 
UV 305 nm, flow rate; 1 ml/minute, moving phase; methanol : water = 6:4) 
FAB-MS(m/z):563(M + H) + 

1 H-NMR (300 MHz, DMSO-ds), S(ppm): 10.9 (1H, s), 8.87 (1H, d, J = 7.8Hz). 8.65 (1H, d, J = 7.8Hz), 7.35 
(1H t J = 7.8Hz), 7.23 (1H, t, J = 7.8Hz), 7.25 (1H, d, J = 7.8Hz), 7.18 (1H, d, J = 7.8Hz). 6.90 (1H, d, 
J = 9.3Hz), 5. 40 (1H, brs), 5.18 (1H, brs), 5.00 (2H, brs). 4.90 (2H, brs), 4.06 (6H, s), 4.00 (2H, m), 3.78 (1H, 
m), 3.63 (2H, m), 3.42 (1H, m) 

Example 41 

The compound represented by the formula 



45 



50 



55 




(43) 



70 
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708.8 mg of the caption^pound represented by the formula (43) was ^ from 679 mg of the 

UV 310 i nm flow rZ 1 "./minute, moving phase; acetonitrile : water - 2.8 - aceton,tn.e : water - 6.4. 30 
minutes linear gradient) 

d. J = 5.4H2). 4.07 (6H, s), 4.05 (1H, m). 3.96 <1H. m). 3.79 (1H, m), 3. 60 (2H. m). 3.44 (1H, m) 



Example 42 

The compound represented by the formula 



75 



20 



25 




(44) 



'° 704 mg of the compound obtained in Example 41 was dissolved in '° * 

which Celite was spread to remove Pd-C, 200 ml of ethyl a ° was adjusted t0 

35 was extracted with 50 ml of sodium bicarbonate % «Jf» l^LZSZ 2% sodium 

subected to preparative HPLC (column : Chromatolex ODS, inner diameter 20 

deZr UV 310 nm, flow rate; 9 ml/minute, moving phase; aceton,tn.e water - 

cotS the desired product were concentrated to dr.nes.and the rescue ^-^-^ 

^Tft 89 minutes (column : Chromatolex ODS. inner diameter 4.6 mm. length 25 0 . wn < detection; 
UV m i nm flow rate; 1 ml/minute, moving phase; acetonitrile : water : trif.uoroacet.c ac-d = 300.700.1) 

so FAB-MS(m/z): 643 (M + Na) + 63 (1H d J = 7 . 8Hz ), 7 .33 

1H-NMB (400 MHz. DMSO-ds). S(ppm): 10.9 (1H, brs) 8.85 (1H Ld.J [TO- V . 

m). 3.67 (1H, t. J = 8. 8Hz). 3.58 (1H. m). 3.42 (1H. t. J = 8.3Hz). 3.34 (2H. s) 



55 



Example 43 

The compound represented by the formula 
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10 



15 




(45) 



och 3 



23.8 mg of the captioned compound represented by the formula (45) was obtained from 70 mg of the 
compound obtained in Example 4, according to the same process as in Example 2. 

. S3 X!T M "U. *P* 1U OH. S), 9.26 OH. d. MW II W * J-MJJ UJ 
flH «. 7 78 MH d J = 7 8Hz) 774 (1H, d, J = 7.8Hz), 7.50 (2H, t, J= 7.8Hz), 6.98 (1H, d, J -9.3Hz), 5.44 
55 f J 1=5.9^, 5.33 (1H M. 5.09 (1H. d, J = 5. 4Hz), 3.96 (2H, m), 3.85 (1H, m). 3.67 (2H. m), 3.59 (3H. 
s), 3.56 (1H, m) 

25 Example 44 

The compound represented by the formula 



30 



35 



40 



NH-CH 2 -COOH 

A 




(46) 



« 210 mg of the captioned compound represented by the formula (46) was obtained from 1 g of the 
compound obtained in Example 43, according to the same process as in Example 42. 

rSZ'SSZ!^). VP* '0.7 0H, .). tM OH. d. J.7M4 . « I OH. d 7.74 
I1H d J = 78Hz1 771 OH d J = 7.8Hz), 7.46 (2H, I. J = 7.8Hz , 6.93 OH. d, J = 92Hz), 6.00 (IH, bre). 5.42 
. OH! U 5.3, (m 1^ 5.03 OH. b,s>. 3.96 U h* 3.65 (2H, s). 3.83 (1H. m ). 3.59 (3H. s). 3.50-3.70 
(3H, m) 



Example 45 

55 The compound represented by the formula 



A A 
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70 




(47) 



f5 



48 2 mg of the captioned compound represented by the formula (47) was obtained from 51 .4 mg of the 
compound obtained in Example 4. according to the same process as in Example 5. 

M+Sm?(400 MhV DMSO-d$), a(ppm): 10, (1H. brs, 10.8 (1H. ^K -f ^ (1H m) 8.48 (1H, 
20 s) 775 ( H. d. J-7. 8Hz), 7.70 (1H, d. J = 7.8Hz). 7.45 (2H. t. J- 7.8Hz), 6.93 (1H, brt, J -MHz). 5.41 (2H, 
m). 5.04 (1H. d, J = 5.9Hz), 3.99 (2H, brs). 3.86 (1H. m). 3.60 (3H, s). 3.52-3.67 (3H. m) 

Example 46 

25 The compound represented by the formula 



30 



35 



40 




(48) 



13 mg of the captioned compound represented by the formula (48) was obtained from 14.1 mg of the 
compound obtained in Example 4, according to the same process as in Example 6. 

<■ ^t^mO-^, 5(P pm): 10.8 (2H. S,. ,20 (1H. m) 9.04 (1H 7.74 (2H Jj 7.7^ 
6.93 PH. BO. 5.41 (1H. m). 5.32 (1H. brs). 5.04 (1H. m), 3.96 (2H. brs). 3.85 (1H. m). 3.58 (3H. s). 3.50-3.70 
(3H, m). 2.12 (3H, s) 

Example 47 

50 

The compound represented by the formula 



55 



AC 
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1 ml of hydrazine monohydrate was added to 32 mg of 12,13-dihydro-2,10-dihydroxy-13-(^-D- 
glucopyranosyl)-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole-5 > 7(6H)-dione, and the mixture was stirred at room 
temperature for 2 hours. This was distributed with ethyl acetate-0.2N hydrochloric acid, and the ethyl 
acetate layer was washed successively with water then saturated saline, and concentrated to dryness. The 
residue was dissolved in a small quantity of methanol, subjected to a chromatograph tower of Sephadex 
LH-20 (1.0 x 5 cm) and eluted with methanol. The fractions containing the desired product were 
concentrated to dryness to give 3.0 mg of the captioned compound represented by the formula (49). 

Rf value: 0.22 (produced by Merck Co., Kiesel gel 60F 2 54, developing solvent; chloroform : methanol: 
tetrahydrofuran = 3:1:1) 
FAB-MS(m/z): 534 [M] + 

1 H-NMR (300 MHz, DMSO-d 6 ), 5(Ppm): 11.16 (1H, s), 9.76 (1H, s), 9.73 (1H, s), 8.90 (1H, d, J = 7.3Hz), 8.82 
(1H, d, J = 7.3Hz), 7. 18 (1H, d, J = 2.0Hz), 6.98 (1H, d, J = 2.0Hz), 6.83 (2H, dt, J =2.0, 7.3Hz), 5.97 (1H, d, 
J= 7.2Hz), 5.84 (1H, t, J = 3.3Hz), 5.32 (1H, d. J = 5.3Hz), 5.10 (1H, d, J = 5.3Hz), 4.93 (1H, d, J=5.2Hz), 
4.90 (2H, s), 4.04-3.86 (2H, m), 3.78 (1H, m), 3.60-3.35 (3H, m) 

Example 48 

The compound represented by the formula 



HNCHO 




0.4 ml of hydrazine hydrate was added to 7.1 mg of 2,1O-difluoro-12,13-dihydro-13-(0-D- 
glucopyranosyl)-5H-indolo[2,3-a]pyrrolot3,4-c]carbazole-5,7(6H)-dione, and the mixture was stirred at room 
temperature for 40 minutes. 1 .34 ml of concentrated hydrochloric acid was added thereto, and the mixture 
was extracted with ethyl acetate. The ethyl acetate layer was washed with water and concentrated. The 
residue was dissolved in 3.7 ml of N,N-dimethylformamide and 0.37 ml of concentrated hydrochloric acid, 
and the solution was stirred at room temperature overnight This was distributed between ethyl acetate and 
water, and the ethyl acetate layer was concentrated to dryness. The residue was dissolved in a small 
quantity of ethanol, subjected to a chromatograph tower of Sephadex LH-20 and eluted with ethanol. The 
fractions containing the desired product were concentrated to dryness to give 4.6 mg of the captioned 
compound represented by the formula (50). 
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Wb. 8. 8.8Hz), 9.01 (1H. 



TX^J^y-^VZ ' Z SA.H. m , e,e oh. 
f 4.06 oh. d. *» OH. «• 



70 



Example 49 

The compound represented by the formula 

NH 2 



75 



20 




(51) 



25 



30 



35 



wherein Bn represents a benzyl group. Hih«rfrn.5H-indoloT2 3-a]pyrrolo[3,4-c]carbazole- 

100 mg of 6-ber«yloxymethyl^ 
5,7(6H)-dione, 1.4 g of silver oxide and 0.7 g of 4A ^^^^.^ 0 f l-bromo-2.3.5-tri- 
benzene, the suspension was refluxed with heatmg ^^^^T^ of 10 minutes. The 
O-acetyl-D-ribose in 10 ml of anhydrous benzene was added d a J ^ us - Celite . 
otixture was further refluxed with heating for 3 ^^SSSSSTh W 57 ethyl acetate and 
The filtrate was concentrated to dryness and the rescue ^was d.sso.v ^ 
the solution was washed successive.y w.th 0 ^ dissolved in chlor0 form. 

over anhydrous sodium sulfate, and conce nfrated to dry m • ' The res due ^ ^ 

subjected to a chromatograph tower of Se P hade * tne reS idue was subjected to a 

actions containing the 

carbazole-5,7(6H)-dione. hydrazine monohydrate. and the solution was 

20.8 mg of this compound was d.ssolved in 2 ml of hydrazme ' n««JV e mjxture was 

stirred at room temperature for 2 hours. This was m* d w,t 30 ££2-5 and concentrate d to 
washed successively with f ^f"^ tower of Sephadex LH-20 

dryness. The residue was dissolved in m ^ h ^°^f r ^ n ! Z deS ired product were concentrated to 
(10 x 15 cm) and eluted with methanol. The fractions <«^*J2JJS y (cnloro form-methanol = 

10:1) 

FAB-MS(m/z): 684 [M? d, J = 0.75Hz), 8.68 (1H, d, J = 0.75Hz), 7.18 

- W * , 3,5.45 (SH. * ,.7 0«. d. 



45 



50 



55 



Example 50 



The compound represented by the formula 



AT 
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10 



15 




(52) 



33 0 mg of the compound obtained in Example A was dissolved in 3 ml of N.N-dimethylformamide, 8.4 
mg of'hydroxyacetohydrazide was added, and the mixture was stirred at 80 -C for 2 days. This was 
concentrated to dryness, and the residue was dissolved in a small quantity of methanol, subjected to a 

20 chromatograph tower of Sephadex LH-20 (1.5 x 25 cm), and eluted with methanol. The fractions .containing 
the desired product were concentrated to dryness, and the residue was dissolved in 30 ml of ethyl ace ate. 
The solution was washed with water, and the ethyl acetate layer was dried over anhydrous sodium sulfate 
and concentrated to dryness. The residue was dissolved in a small quantity of methanol, subjected to a 
chromatograph tower of Sephadex LH-20 (1.5 x 15 cm) and eluted with methanol. The fractions containing 

25 the desired product were concentrated to dryness to give 29,0 mg of the captioned compound represented 
by the formula (52). 

£S H OG (1H, s), 10.55 (1H, s), 10.41 (1H * 10.02 (1H s), 8.63 <1H, d. 

J = 7.8Hz), 8.47 (1H, d. J = 7.8Hz), 7.20 (2H, t, J = 7.8Hz), 7.04 (3H, m). 5.88 (1H t J-7 OH, d. 
30 J = 6. 2Hz), 5.35 (1H. br), 5.20 (1H, d, J = 6.2Hz), 4.90 (1H, d, J = 6.2Hz), 4.16 (2H, d, J = 5. 7Hz), 4.03 (2H, 
m), 3.74 (1H, m), 3.59-3.68 (2H, m), 3.39 (1H, m) 

Example 51 

35 The compound represented by the formula 



40 



45 



50 



55 




(53) 



35 0 mg of the compound obtained in Example A was dissolved in 1.0 ml of N,N-dimethyl ormamide. 
35.0 mg of ethylhydrazine oxalate and 0.5 ml of saturated sodium bicarbonat e aqueous so ution were 
added, and the mixture was stirred at 80'C for 1 day. This was concentrated to dryness and th «s.due 
was dissolved in a small quantity of methanol, subjected to a chromatograph tower of SephadexLH-20 (1.5 
x 15 cm) and eluted with methanol. The fractions containing the desired product were concentrated to 
dryness to give 20.8 mg of the captioned compound represented by the formula (53). 



AO 
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Rf value: 0.5 (produced^^erck Co., Kiesel gel 60F 25 4. developing solverftloroform : methanol : 
tetrahydrofuran = 2:1:1) 
FAB-MS(m/z): 563 [M + H] + 

'H-NMR (300 MHz, DMSO-ds). «(ppm): 10.90 (1H. s), 10.35 (1H, s), 9.96 (1H, s), 8.72 (1H, d, J = 7.9Hz). 
854 (1H, d. J = 7.9Hz). 7. 17 (2H, t. J = 7.9Hz), 7.03 (3H. m). 5.72 (1H, t, J = 4.8Hz), 5.41 (1H, d, J = 6.3Hz). 
5.35 (1H, t, J = 4.0Hz). 5.21 (1H. d, J = 4.0Hz), 4. 87 (1H. d, J = 6.3Hz), 3.96-4.09 (2H, m), 3. 73-3.77 (1H, m). 
3.58-3.67 (2H. m). 3.37-3.45 (1H, m). 3.07 (2H, m), 1.09 (3H. t, J = 7. 1Hz) 

Example 52 

50 g of the compound of Example 5 was dissolved in a solution wherein 600 g of macrogol 400 of the 
Japanese Pharmacopoeia was dissolved in 400 g of distilled water for injection, and the solution was filtered 
for removal of bacteria using a filter of 0.2 urn. 5 ml portions of the filtrate were filled into washed and 
sterilized vials according to a conventional method, and the vials were stopped and capped to give an 
js injection containing 250 mg of the compound of Example 5 per vial. Administration is made using an agent 
for intravenous drip wherein 5 to 10 ml of this injection (250 to 500 mg of the compound of Example 5) was 
added to and diluted with 500 ml of an infusion such as 5% glucose. 



70 



20 



Claims 

1. A compound represented by the following general formula and a pharmaceutically acceptable salt 
thereof 
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wherein 

R 1 and R 2 each independently represent a hydrogen atom, lower alkyl group, lower alkenyl group, 
lower alkynyl group, aryl group, aralkyl group or heterocyclic group (the lower alkyl group, lower alkenyl 
group, lower alkynyl group, aryl group, aralkyl group and heterocyclic group may each have 1 to 5 
substituents selected from the group consisting of carboxyl groups, carbamoyl groups, sulfo groups, 
amino groups, cyano groups, mono-lower alkylamino groups, di-lower alkylamino groups, hydroxyl 
groups and halogen atoms), or a group of the formula -Y-R 3 , and therein Y represents a carbonyl group, 
thiocarbonyl group or sulfonyl group, and R 3 represents a hydrogen atom, lower alkyl group, cycloalkyl 
group, cycloalkylalkyl group, aryl group, aralkyl group, lower alkoxy group, hydrazino group, amino 
45 group, arylamino group, carbamoyl group or heterocyclic group (the lower alkyl group, cycloalkyl group, 
cycloalkylalkyl group, aryl group, aralkyl group and heterocyclic group may each have 1 to 4 
substituents selected from the group consisting of halogen atoms, optionally protected hydroxyl groups, 
amino groups, carboxyl groups, carbamoyl groups, cyano groups and lower alkoxycarbonyl groups, and 
the amino group and carbamoyl group may each be mono- or di-substituted by lower alkyl group(s) 
optionally substituted by substituent(s) selected from the group consisting of halogen atoms, hydroxyl 
groups, amino groups, carboxyl groups, carbamoyl groups and lower alkoxycarbonyl groups); or 

R 1 and R 2 combine to represent a lower alkylidene group (the lower alkylidene group may have 1 
to 4 substituents selected from the group consisting of amino groups, mono-lower alkylamino groups, 
di-lower alkylamino groups, hydroxyl groups, carboxyl groups and sulfonyl groups); or 

R' and R 2 combine together with the nitrogen atom to which they bind to form a heterocyclic group 
(the heterocyclic group may have on the ring lower alkyl group(s) optionally substituted by group(s) 
selected from the group consisting of amino groups, hydroxyl groups, carboxyl groups and sulfo 
groups). 
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G represents a pento^^up or hexose group, and 

X 1 and X 2 each independently represent a hydrogen atom, halogen atom, amino group, mono-lower 
alkylamino group, di-lower alkylamino group, hydroxy! group, lower alkoxy group, aralkoxy group, 
carboxyl group, lower alkoxycarbonyl group or lower alkyl group. 

A compound set forth in claim 1 which is a compound represented by the formula 




[la] 



wh©rein 

R" and R 21 each independently represent a hydrogen atom, lower alkyl group, lower alkenyl group, 
aryl group, aralkyl group, pyrrolyl group, oxazolyl group, isoxazolyl group, thiazolyl group, irrndazolyl 
qroup, pyridyl group, pyrimidinyl group, oxazolinyl group, oxazolidinyl group, inmdazolinyl group, 
imidazolidinyl group, pyrrolidinyl group, piperazinyl group, thiazinyl group, thiazolidinyl group (the lower 
alkyl group, lower alkenyl group, aryl group, aralkyl group and heterocyclic group may have 1 to 5 
substituents selected from the group consisting of carboxyl groups, carbamoyl groups, cyano groups 
and hydroxy! groups), or a group of the formula -Y-R* and therein Y represents a carbonyl group 
thiocarbonyl group or sulfonyl group, and R* represents a hydrogen atom, lower alkyl group, aryl 
group (the lower alkyl group and aryl group may have 1 to 4 substituents selected from the group 
consisting of halogen atoms, optionally protected hydroxy! groups, amino groups and carboxy groups), 
amino group, hydrazine group, arylamino group, lower alkoxy group, carbamoyl group, pyrrolyl group, 
oxazolyl group, isoxazolyl group, thiazolyl group, imidazolyl group, pyridyl group, pyr.mid.nyl group, 
oxazolinyl group, oxazolidinyl group, imidazolinyl group, imidazolidinyl group, pyrrohd.nyl group, 
piperazinyl group, thiazinyl group or thiazolidinyl group; or 

R" and R 21 combine to represent a lower alkylidene group optionally having carboxyl group(s), or 
R" and R 21 combine together with the nitrogen atom to which they bind to form a pyrrolidinyl 
qroup, imidazolidinyl group, imidazolinyl group, piperidino group or piperazinyl group (these 
heterocyclic groups may have on the ring lower alkyl group(s) optionally substituted by hydroxyl group- 
(s)), 

G 1 represents a group of the formula 

,OH 



or 




and therein R 7 represents a hydrogen atom or lower alkyl group and R" represents a hydroxyl group or 

amino group, and , n „ in 

X" and X 2 ' bind to the indolopyrrolocarbazole ring at the 1- or 2-pos.t.on and at the 10- or 11- 
position, respectively, and each independently represent a halogen atom, hydroxyl group, lower alkoxy 
group or aralkoxy group. 



3. A compound set forth in claim 1 which is a compound represented by the 
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wherein 

R 12 represents a hydrogen atom or lower alkyl group, 

R22 represents a hydrogen atom, lower alkyl group (the lower alkyl group may have 1 to 5 
substituents selected from the group consisting of carboxyl groups, carbamoyl groups, hydroxyl groups 
and cyano groups), aryl group, aralkyl group (the aryl group and aralkyl group may have 1 to 4 
substituents selected from the group consisting of hydroxyl groups and carboxyl groups), pyndyl group 
imidazolyl group, imidazolinyl group, thiazolyl group, pyrrolidinyl group, piperazinyl group, or a group of 
the formula -Y-R*. and therein Y represents a carbonyl group, thiocarbonyl group or sulfonyl group 
and when Y is a carbonyl group or thiocarbonyl group, R* 2 represents a hydrogen atom lower alkyl 
group, aryl group (the lower alkyl group and aryl group may have 1 to 4 substituents selected from the 
group consisting of halogen atoms, optionally protected hydroxyl groups, amino groups and carboxy 
groups), amino group, hydrazine group, arylamino group, lower alkoxy group, carbamoyl group pyndyl 
group, pyrimidinyl group, imidazolinyl group or pyrrolidinyl group, and when Y is a sulfonyl group. R 
represents a lower alkyl group or aryl group; or 

R12 and R 22 combine to represent a lower alkylidene group having carboxyl group(s); or 

R'2 and R 22 combine together with the nitrogen atom to which they bind to form a pyrrolidinyl 
group, piperidino group or piperazinyl group (these heterocyclic groups may have on the ring lower 
alkyl groups optionally having hydroxyl group(s)), and 

q\ x 11 and X 21 have the same meanings as defined in claim 2. 

A compound of the general formula [I] set forth in claim 1 or a pharmaceutical^ acceptable salt thereof 
as a pharmaceutical^ acceptable substance. 

A process for preparation of a compound of the general formula (I] set forth in claim , 1 1 o. -a 
pharmaceutical acceptable salt thereof which comprises reacting a compound represented by the 
following formula or a derivative thereof wherein the functional groups are protected 




[H] 



or 



EP0 545 195 A1 



5 




10 

wherein, 

Y represents a hydrogen atom or substituted or unsubstituted lower alkyl group, and X 1 , X 2 and 
G have the same meanings as defined in claim 1 with a compound represented by the following 
general formula or a derivative thereof wherein in case R 13 and R 23 contain a functional group, the 
75 functional group is each protected 

„13 

H 2 N-< [IV) 

20 n 



wherein 

R13 anc j R23 eaC h independently represent a hydrogen atom, lower alkyl group, lower alkenyl group, 
lower alkynyl group, aryl group, aralkyl group or heterocyclic group (the lower alkyl group, lower 
alekenyl group, lower alkynyl group, aryl group, aralkyl group and heterocyclic group may have 1 to 5 
substituents selected from the group consisting of carboxyl groups, carbamoyl groups, sulfo groups, 
amino groups, cyano groups, mono-lower alkylamino groups, di-lower alkylamino groups, hydroxyl 
groups and halogen atoms), or a group of the formula -Y-R 3 , and herein Y represents a carbonyl group, 
thiocarbonyl group or sulfonyl group, and R 3 represents a hydrogen atom, lower alkyl group, cycloalkyl 
group, cycloalkylalkyl group, aryl group, aralkyl group, lower alkoxy group, hydrazino group, amino 
group, arylamino group, carbamoyl group or heterocyclic group (the lower alkyl group, cycloalkyl group, 
cycloalkylalkyl group, aryl group, aralkyl group and heterocyclic group may each have 1 to 4 
substituents selected from the group consisting of halogen atoms, optionally protected hydroxyl groups, 
amino groups, carboxyl groups, carbamoyl groups, cyano groups and lower alkoxycarbonyl groups, and 
the amino group and carbamoyl group may each be mono- or di-substituted by lower alkyl group(s) 
optionally substituted by group(s) selected from the group consisting of halogen atoms, hydroxyl 
groups, amino groups, carboxyl groups, carbamoyl groups and lower alkoxycarbonyl groups); or 

R 13 and R 23 combine together with the nitrogen atom to which they bind to form a heterocyclic 
group (the heterocyclic group may have on the ring lower alkyl group(s) optionally substituted by 
groups selected from the group consisting of amino groups, hydroxyl groups, carboxyl groups and sulfo 
groups); if necessary, removing the protective group(s) existing in the product to prepare a compound 
represented by the general formula 
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wherein R 13 , R 23 , X 1 , X 2 and G have the same meanings as defined above; 
or either formylating, alkylating, alkenylating, alkynylating, alkylating, carbamoylating, thiocarbamoylat- 



CO 
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ing, alkanoylating or su^^ating the amino group 



5 




of the compound of the above formula [Ic] or the derivative thereof wherein the functional groups are 
protected when R 13 and R 23 represent a hydrogen atom, or condensing the above compound or 
derivative with a compound represented by the following formula or a derivative thereof wherein a 
functional group is protected 

OHC-R 6 [V] 

wherein R 6 represents a hydrogen atom or carboxyl group, or a lower alkyl group optionally having 
1 to 4 substituents selected from the group consisting of amino groups, mono- lower alkylamino 
groups, di-lower alkylamino groups, hydroxyl groups, carboxyl groups and sulfo groups, 
and if necessary, removing the protective groups existing in the product; or reducing the double bonds 
of the compound of the above formula [Ic] when R 13 and/or R 23 contain a double bond, or the 
compound prepared by condensing the compound of the formula [Ic] with the compound of the formula 
[V] or the derivative thereof wherein the functional groups are protected, and if necessary removing the 
protective group(s) existing in the product; and if necessary, converting the resulting compound of the 
formula [I] into a pharmaceutical^ acceptable salt. 

A compound represented by the following general formula and a derivative thereof wherein the 
functional groups are protected 
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wherein X 1 , X 2 and G have the same meanings as in claim 1. 

40 7. A process for preparation of a compound of the general formula [III] set forth in claim 6 which 
comprises treating with a base a compound represented by the following general formula or a 
derivative thereof wherein the functional groups are protected 
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wherein Y represents a hydrogen atom or substituted or unsubstituted lower alkyl group, and X 1 , X 2 
55 and G have the same meanings as defined in claim 1. 

a A medicament containing a compound of the general formula [I] set forth in claim 1 or a pharmaceuti- 
cal^ acceptable salt thereof. 
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9. An antitumor agent containing a compound of the general formula [I] slWbrth in claim 1 or a 
pharmaceutical^ acceptable salt thereof. 

10 A pharmaceutical preparation comprising an effective quantity of a compound of the general formula [l] 
set forth in claim 1 or a pharmaceutical^ acceptable salt thereof, and a pharmaceutical^ acceptable 
carrier or diluent. 

11. A method for treatment of cancer which comprises administering to a patient an effective quantity of a 
compound of the general formula [I] set forth in claim 1 or a pharmaceutical^ acceptable salt. 

12. The use of a compound of the general formula [I] set forth in claim 1 or a pharmaceutical^ acceptable 
salt thereof in the control or prevention of illness. 

13. The use of a compound of the general formula [I] set forth in claim 1 or a pharmaceutical^ acceptable 
75 salt thereof for the manufacture of antitumor active medicament. 
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